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Colour CCTV camera, 8mm lens, 12V d.c. 200mA 582x628 
Resolution 380 lines Automatic aperture lens Mirror function PAL 
Back Light Compensation MLR, 100x40x40mm. Ref EE2 £69 


Built-in Audio .15lux CCD camera 12V d.c. 200mA 480 lines 
s/n ratio >48db 1v P-P output 110x60x50mm. Ref EE1 £99 


Metal CCTV camera housings for internal or external use. Made 
from aluminium and plastic they are suitable for mounting body 
cameras in. Available in two sizes 1 — 100x10x170mm and 2 — 
100x70x280mm. Ref EE6 £22 EE7 £26 multi-position brackets. 
Ref EE8 £8 


Excellent quality multi-purposeTV/TFT screen, works as just a 
LCD colour monitor with any of our CCTV cameras or as a 
conventional TV. Ideal for use in boats and caravans 49.7MHz- 
91.75MHz VHF channels 1-5,168.25MHz-222.75MHz VHF 
channels 6-12, 471.25MHz-869.75MHz, Cable channels 
112.325MHz-166.75MHz Z1-Z7, Cable channels 224.25MHz- 
446.75MHz Z8-Z35 5” colour screen. Audio output 150mW. 
Connections, external aerial, earphone jack, audio/video input, 
12V d.c. or mains, Accessories supplied Power supply, Remote 
control, Cigar lead power supply, Headphone Stand/bracket. 5” 
model £139 Ref EE9, 6” model £149. Ref EE10 


Fully cased IR light source suitable for CCTV applications. The unit 
measures 10x10x150mm, is mains operated and contains 54 infra- 
red LEDs. Designed to mount on a standard CCTV camera bracket. 
The unit also contains a daylight sensor that will only activate the 
infra red lamp when the light level drops below a preset level. The 
infrared lamp is suitable for indoor or exterior use, typical useage 
would be to provide additional IR illumination for CCTV cameras. 


£49. Ref EE11 
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This device is mains operated and designed to be used with a 
standard CCTV camera causing it to scan. The black clips can be 
moved to adjust the span angle, the motor reversing when it 
detects a clip. With the clips removed the scanner will rotate 
constantly at approx 2.3rpm. 75x75x80mm £23. Ref EE12 
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Colour CCTV Camera measures 60x45mm and has a built in light 
level detector and 12 IR LEDs .2 lux 12 IR LEDs 12V d.c. Bracket 
Easy connect leads £69. Ref EE15 
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A high quality external colour CCTV camera with built in Infra-red 
LEDs measuring 60x60x60mm Easy connect leads colour 
Waterproof PAL 1/4’ CCD 542x588 pixels 420 lines .05 lux 3.6mm 
F2 78 deg lens 12V d.c. 400mA Built in light level sensor. £99. Ref 
EE13 
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A small compact colour CCTV camera measuring just 
35x28x30mm (camera body) Camera is supplied complete with 
mounting bracket, microphone and easy connect leads. Built in 
audio. Colour 380 line resolution PAL 0.2 us +18db sensitivity. 
Effective pixels 628x582 Power source 6-12V d.c. Power 
consumption 200mW £36. Ref EE16 


colour camera with simple battery connection and a receiver with 
video output. 380 lines colour 2.4GHz 3 lux 6-12V d.c. manual 
tuning Available in two versions, pinhole and standard. £79 
(pinhole) Ref EE17, £79 (standard). Ref EE18 


Small transmitter designed to transmit audio and video signals on 
2.4GHz. Unit measures 45x35x10mm.ldeal for assembly into 
covert CCTV systems Easy connect leads Audio and video input 
12V d.c. Complete with aerial Selectable channel switch £30. Ref 
EE19 
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2.4GHz wireless receiver Fully cased audio and video 2.4GHz 
wireless receiver 190x140x30mm, metal case, 4 channel, 12V d.c. 
Adjustable time delay, 4s, 8s, 12s, 16s. £45. Ref EE20 
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Colour pinhole cctv camera module with audio Compact colour 
pinhole camera measuring just 20x20x20mm, built-in audio and 
easy connect leads PAL CMOS sensor 6-9V d.c. Effective Pixels 
628x582 Illumination 2 lux Definition >240 Signal/noise ratio 
>40db Power consumption 200mW £35. Ref £35 
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Self-cocking pistol plcr002 crossbow with metal body. Self-cocking 
for precise string alignment Aluminium alloy construction High tec 
fibre glass limbs Automatic safety catch Supplied with three bolts 
Track style for greater accuracy. Adjustable rearsight 50lb 
drawweight 150ft sec velocity Break action 17” string 30m range 
£21.65 Ref PLCROO2 INFRA-RED FILM 6” square piece of 
flexible infra-red film that will only allow IR light through. Perfect for 
converting ordinary torches, lights, headlights etc to infra-red 
output only using standard light bulbs Easily cut to shape. 6” 
square £15. Ref IRF2 or a 12” sq for £29 IRF2A NEW 12V 12” 
SQUARE SOLAR PANEL Kevlar backed, 3watt output. Copper 
strips for easy solder connections £14.99. Ref 15P42 PACK OF 4 
JUST £39.95. REF 15P42SP 
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Dummy CCTV cameras These motorised cameras will work either on 
2 AA batteries or with a standard DC adapter (not supplied) They have 
a built in movement detector that will activate the camera if movement 
is detected causing the camera to ‘pan’ Good deterrent. Camera 
measures 20cm high, supplied with rawl plugs and fixing screws. 
Camera also has a flashing red LED built in. £9.95. Ref CAMERAB 


BULL GROUP LTD 


UNIT D, HENFIELD BUSINESS PARK, 
HENFIELD, SUSSEX BN5 9SL 
TERMS: CASH, PO OR CHEQUE WITH ORDER 
PLUS £5.50 P&P (UK) PLUS VAT. 

24 HOUR SERVICE £7.50 (UK) PLUS VAT. 
OVERSEAS ORDERS AT COST PLUS £3.50 


(ACCESS/VISA/SWITCH ACCEPTED) 
*phone: 01273 491490 Fax 491813 


Sales @ bullnet.co.uk 


POWERSAFE DEEP CYCLE BATTERIES 


6V 100AH NOW ONLY £19 EACH 


We also have some used 2.3AH 12V (same as above) these are 
tested and in good condition and available at an extremely good 
price for bulk buyers, box of 30 just £49.99. Ref SLB23C 
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Aiptek Pocket DV Up to 2000 still pics before requiring download! 
The all new Pocket DY, it’s amazing . .. such advanced technology, 
such a tiny size — you will be the envy of your friends!! This camera 
will take up to 3.5 minutes of Video and Audio, up to 2000 digital 
still pictures or 30 minutes of voice recording! Then just connect it 
to your PC via the USB cable (Supplied) and after transferring the 
data you can start all over again!! £69. Ref POCKETDV 
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The smallest PMR446- radios currently available 
(54x87x37mm).These tiny handheld PMR radios not only look 
great, but they are user friendly & packed with features including 
VOX, Scan & Dual Watch. Priced at £59.99 PER PAIR they are 
excellent value for money. Our new favourite PMR radios! Standby: 
— 35 hours Includes: — 2 x Radios, 2 x Belt Clips & 2 x Carry Strap 
£59.95 Ref ALAN1 Or supplied with 2 sets of rechargeable 
batteries and two mains chargers £84.99. Ref Alan2 
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Beltronics BEL55O Euroradarand GATSO detector Claimed 
Detection Range: GATSO up 400m. Radar & Laser guns up to 3 
miles. Detects GATSO speed cameras at least 200 metres away, 
plenty of time to adjust your speed £319. Ref BEL550 
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Fully Portable —- Use anywhere Six automatic programmer for full 
body pain relief, shoulder pain, back/neck pain, aching joints, 
rheumatic pain, sports injuries EFFECTIVE DRUG FREE PAIN 
RELIEF TENS (Transcutaneous Electrical Nerve Stimulation) units 
are widely used in hospitals, clinics throughout the United 
Kingdom for effective drug free pain relief. This compact unit is 
now approved for home use. TENS works by stimulating nerves 
close to the skin releasing endorphins (natures anesthetics) and 
helping to block the pain signals sent to the brain. Relief can begin 
within minutes, and a 30 minute treatment can give up 12 hours 
relief or more. TheTENS mini Microprocessors offer six types of 
automatic programme for shoulder pain, back/neck pain, aching 
joints, Rheumatic pain, migraines headaches, sports injuries, 
period pain. In fact all over body treatment. Will not interfere with 
existing medication. Not suitable for anyone with a heart 
pacemaker. Batteries supplied. £19.95 Ref TEN327 Spare pack of 
electrodes £5.99. Ref TEN327X 
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Our August 2003 issue will be published on Thursday, 
10 July 2003. See page 443 for details 


Everyday Practical Electronics, July 2003 


Projects and Circuits 


EPE MINI METAL DETECTOR by Thomas Scarborough 

Search out those hidden artifacts with a wrist-band metal detector 
LOW RANGE OHMMETER ADAPTOR MKz2 by Lyn Jones 

Improved accuracy when measuring low resistance 

PRACTICAL RADIO CIRCUITS - Part 2. Regeneration, 
Q-Multiplier, Reflex Radio, Speaker Amp by Raymond Haigh 
Dispelling the mysteries of radio. A series featuring a variety of 
practical circuits for the set builder and experimenter 

ULTIMATE EGG TIMER by Owen Bishop 

How to avoid feeling hen-pecked about boiling eggs properly! Another design 
in our occasional series of simple circuits that can be built for around £10 
INGENUITY UNLIMITED - Sharing your ideas with others 
Pedometer; Astronomy Torch; Optical Illusion 

PICRONOS L.E.D. WALL CLOCK - Part 2 by John Becker 
Checking-out and setting-up this grand-scale timekeeper! 


Series and “Features 


TECHNO TALK by Andy Emmerson 

Wired Wireless — Crazy or What? 

CIRCUIT SURGERY by Alan Winstanley and lan Bell 

Why a 50 connector is so called; Normally open and closed contacts 
NEW TECHNOLOGY UPDATE by lan Poole 

The introduction of 3D |.c.d. technology should give new impetus to 
the display market 

PRACTICALLY SPEAKING by Robert Penfold 

Constructor’s guide to mounting assembled boards in enclosures 
NET WORK - THE INTERNET PAGE surfed by Alan Winstanley 
How pally is PayPal? 

FLOWLOG LITE REVIEW by Robert Penfold 

Putting the data logging, control and measurement add-on for 

PCs through its paces 


Regulars and Services 


EDITORIAL 

SHOPTALK with David Barrington 

The essential guide to component buying for EPE projects 

PLEASE TAKE NOTE PIC Tutorial V2 — Part 2 

NEWS - Barry Fox highlights technology's leading edge 

Plus everyday news from the world of electronics 

READOUT John Becker addresses general points arising 

BACK ISSUES Did you miss these? Many now on CD-ROM! 
CD-ROMS FOR ELECTRONICS 

A wide range of CD-ROMs for hobbyists, students and engineers 
DIRECT BOOK SERVICE 

A wide range of technical books available by mail order, plus more CD-ROMs 
PRINTED CIRCUIT BOARD AND SOFTWARE SERVICE 

PCBs for EPE projects. Plus EPE project software 

ELECTRONICS MANUALS 

Essential reference works of hobbyists, students and service engineers 
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NEXT MONTH 


EPE PIC MET OFFICE 


Forget the seaweed and proverbs, let technology cater for 
your insatiable interest in the weather! Using a 
PIC16F877, the PIC Met Office is a totally solid-state 
design (no moving parts). It monitors sensors and 
processes data for the following conditions: 


@ Barometric pressure, in millibars 

@ Temperature, in °C and °F, including sub-zero 

@ Atmospheric relative humidity, as an RH percentage 

@ Soil moisture, bone-dry to saturated, as a percentage 

@ Light intensity, as a relative percentage, full sun to total 
darkness 

@ Rain fall, immediate (is it raining now ?) 

@ Rain fall, cumulative (relative depth of water barrel) 

@ Wind speed, in kph, mph and Beaufort, immediate and 
averaged 

@ Wind direction, immediate and averaged, 0° to 360° 

@ Wind chill factor 

@ Rainbow alert! 

@ Recording of all data to non-volatile serial memory (up to 256 kilobytes) 

@ Selectable data sampling rates, from 1 second to 1 hour intervals 

@ Serial output of realtime and recorded data to PC-compatible computer, running under Windows 
95/98/ME 

@ Daia formatted by PC for reading as text file compatible with Excel spreadsheet/graphing software 

@ /mmediate display of monitored sensor values via alphanumeric liquid crystal display 


Note that you do not need to use a PC if you are content to just observe the I.c.d. readout and ignore the 
data logging option. 


ALARM SYSTEM FAULT DCC FOR MODEL 
FINDER TRAINS 


When false alarms occur on domestic and on DCC (Digital Command Control) is the latest 
cheaper/older commercial intruder alarm systems, it is method of controlling model railway layouts. 
often difficult to know which sensor has caused the This introductory article looks briefly at its 
alarm, and even if this is known, many panels do not history and then describes how the system 
have a soak test and log facility to test the would-be works by using “alternating DC” to send 
faulty sensor. signals down the track. The switching 

This simple, easy to build project will enable faults to protocol is explained as are the advantages 
be found on alarm systems without causing the and disadvantages of the system. 


complete system to keep going off. 


RADIO CIRCUITS PART 3 
TOP TENNERS 


NO ONE DOES IT BETTER 


EVERYDAY 


PRACTICAL DON'T MISS AN 
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Demand is bound to be high 
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Established 1990 


QuasaR GtectRonics WimiteD 
PO Box 6935, BISHOPS STORTFORD, Herts. CM23 4WP. 


TEL: 0871 717 7168 


FAX: 0871 277 2728 


ADD £2.00 P&P to all orders (or 1st Class Recorded £4, Next day 


(Insured £250) £7, Europe £5.00, Rest of World £10.00). We accept all 
major credit cards. Make cheques/PO's payable to Quasar Electronics. 
Prices include 17.5% VAT. MAIL ORDER ONLY 

FREE CATALOGUE with order or send 2 x 1st class stamps 
(refundable) for details of over 150 kits & publications. 


PROJECT KITS 


Our electronic kits are supplied complete with all components, high quality PCBs 
(NOT cheap Tripad strip board!) and detailed assembly/operating instructions 


@ 2 x 25W CAR BOOSTER AMPLIFIER Connects to 
the output of an existing car stereo cassette player, 
CD player or radio. Heatsinks provided. PCB 
76x75mm. 1046KT. £24.95 

@ 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu- 
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54x112mm. Mains 
powered. Box provided. 6014KT £24.95 

@ 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos, shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
54x112mm. 1026KT £15.95; BOX (for mains opera- 
tion) 2026BX £9.00 

@ DISCO STROBE LIGHT Probably the most excit- 
ing of all light effects. Very bright strobe tube. 
Adjustable strobe frequen: -60Hz. Mains powered. 
PCB: 60x68mm. Box provided. 6037KT £28.95 


@ ANIMAL SOUNDS Cat, dog, chicken & cow. Ideal 
for kids farmyard toys & schools. SG10M £5.95 

@ 3 1/2 DIGIT LED PANEL METER Use for basic 
voltage/current displays or customise to measure 
temperature, light, weight, movement, sound lev- 
els, etc. with appropriate sensors (not supplied). 
Various input circuit designs provided. 3061KT 
£13.95 

@ IR REMOTE TOGGLE SWITCH Use any TV/VCR 
remote control unit to switch onboard 12V/1A relay 
on/off. 3058KT £10.95 

SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
torque at all speeds. 5-15VDC. Box provided. 3067KT 
£12.95 

@ 3 x 8 CHANNEL IR RELAY BOARD Control eight 12V/1A 
relays by Infra Red (IR) remote control over a 20m range in 
sunlight. 6 relays turn on only, the other 2 toggle on/off. 3 oper- 
ation ranges determined by jumpers. Transmitter case & all 
components provided. Receiver PCB 76x89mm. 3072KT 
£52.95 


PRODUCT FEATURE 
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SURVEILLANCE 


High performance surveillance bugs. Room transmitters supplied with sensitive electret microphone & battery holder/clip. All transmit- 
ters can be received on an ordinary VHF/FM radio between 88-108MHz. Available in Kit Form (KT) or Assembled & Tested (AS). 


ROOM SURVEILLANCE 

@ MTX - MINIATURE 3V TRANSMITTER Easy to build & guar- 
anteed to transmit 300m @ 3V. Long battery life. 3-5V operation. 
Only 45x18mm. B 3007KT £6.95 AS3007 £11.95 

MRTX - MINIATURE 9V TRANSMITTER Our best selling bug. 
Super sensitive, high power - 500m range @ 9V (over 1km with 
18V supply and better aerial). 45x19mm. 3018KT £7.95 AS3018 
£12.95 

HPTX - HIGH POWER TRANSMITTER High performance, 2 
stage transmitter gives 
greater stability & higher qual- 

ity reception. 1000m range 6- 
12V DC operation. Size 
70x15mm. 3032KT £9.95 
AS3032 £18.95 

@ MMTX- MICRO-MINIATURE 9V TRANSMITTER The ultimate 
bug for its size, performance and price. Just 15x25mm. 500m 
range @ 9V. Good stability. 6-18V operation. 3051KT £8.95 
AS3051 £14.95 

@ VTX - VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected. Low standby current. Variable trigger sen- 
sitivity. 500m range. Peaking circuit supplied for maximum RF out- 
put. On/off switch. 6V operation. Only 63x38mm. 3028KT £12.95 
AS3028 £24.95 

HARD-WIRED BUG/TWO STATION INTERCOM Each station 
has its own amplifier, speaker and mic. Can be set up as either a 
hard-wired bug or two-station intercom. 10m x 2-core cable sup- 
plied. 9V operation. 3021KT £15.95 (kit form only) 

@ TRVS - TAPE RECORDER VOX SWITCH Used to automati- 
cally operate a tape recorder (not supplied) via its REMOTE sock- 
et when sounds are detected. All conversations recorded. 
Adjustable sensitivity & turn-off delay. 115x19mm. 3013KT £9.95 
AS3013 £21.95 


TELEPHONE SURVEILLANCE 

@ MTTX - MINIATURE TELEPHONE TRANSMITTER Attaches 
anywhere to phone line. Transmits only when phone is used! 
Tune-in your radio and hear both parties. 300m range. Uses line 
as aerial & power source. 20x45mm. 3016KT £8.95 AS3016 
£14.95 

@ TRI - TELEPHONE RECORDING INTERFACE Automatically 
record all conversations. Connects between phone line & tape 
recorder (not supplied). Operates recorders with 1.5-12V battery 
systems. Powered from line. 50x33mm. 3033KT £9.95 AS3033 
£18.95 

@ TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS 
PHONE BUG Place pick-up coil on the phone line or near phone 
earpiece and hear both sides of the conversation. 3055KT £11.95. 
AS3055 £20.95 


HIGH POWER TRANSMITTERS 

@ 1 WATT FM TRANSMITTER Easy to construct. Delivers a 
crisp, clear signal. Two-stage circuit. Kit includes microphone and 
requires a simple open dipole aerial. 8-30VDC. PCB 42x45mm. 
1009KT £12.95 

@ 4 WATT FM TRANSMITTER Comprises three RF 
stages and an audio preamplifier stage. Piezoelectric 
microphone supplied or you can use a separate preampli- 
fier circuit. Antenna can be an open dipole or Ground 
Plane. Ideal project for those who wish to get started in the 
fascinating world of FM broadcasting and want a good 
basic circuit to experiment with. 12-18VDC. PCB 
44x146mm. 1028KT. £22.95 AS1028 £34.95 

@ 15 WATT FM TRANSMITTER (PRE-ASSEMBLED & 
TESTED) Four transistor based stages with Philips BLY 
88 in final stage. 15 Watts RF power on the air. 88- 
108MHz. Accepts open dipole, Ground Plane, 5/8, J, or 
YAGI antennas. 12-18VDC. PCB 70x220mm. SWS meter 
needed for alignment. 1021KT £99.95, 

@ SIMILAR TO ABOVE BUT 25W Output. 1031KT £109.95 


COMPUTER TEMPERATURE DATA LOGGER 

PC serial port controlled 4-channel temperature 
meter (either deg C or F). Requires no external 
power. Allows continuous temperature data logging of 
up to four temperature sensors located 200m+ from 
motherboard/PC. Ideal use for old 386/486 comput- 
ers. Users can tailor input data stream to suit their 
purpose (dump it to a spreadsheet or write your own 
BASIC programs using the INPUT command to grab 
the readings). PCB just 38mm x 38mm. Sensors con- 
nect via four 3-pin headers. 4 header cables supplied 


but only one DS18S20 sensor. 

Kit software available free from our website. 
ORDERING: 3145KT £23.95 (kit form); 
AS3145 £29.95 (assembled); 

Additional DS18S20 sensors £4.95 each 


@ SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of interesting/unusu- 
al sound effects from birds chirping to sirens. 9VDC. 
PCB 54x85mm. 1045KT £8.95 

@ ROBOT VOICE EFFECT Make your voice 
sound similar to a robot or Darlek. Great fun for 
discos, school plays, theatre productions, radio 
stations & playing jokes on your friends when 
answering the phone! PCB 42x71mm. 1131KT 
£8.95 

@ AUDIO TO LIGHT MODULATOR Controls intensi- 
ty of one or more lights in response to an audio input. 
Safe, modern opto-coupler design. Mains voltage 
experience required. 3012KT £8.95 

@ MUSIC BOX Activated by light. Plays 8 Christmas 
songs and 5 other tunes. 3104KT £7.95 

@ 20 SECOND VOICE RECORDER Uses non- 
volatile memory - no battery backup needed. 
Record/replay messages over & over. Playback as 
required to greet customers etc. Volume control & 
built-in mic. 6VDC. PCB 50x73mm. 

3131KT £12.95 

@ TRAIN SOUNDS 4 selectable sounds : whistle 
blowing, level crossing bell, ‘clickety-clack’ & 4 in 
sequence. SGO1M £6.95 


».< FACTOR 


PUBLICATIONS 
THE EXPERTS IN RARE & 
UNUSUAL INFORMATION! 
Full details of all X-FACTOR PUBLICATIONS can be found in 


our catalogue. N.B. Minimum order charge for reports and plans 
is £5.00 PLUS normal P&P. 


@ SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone. Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts. R002 £3.50 

@ LOCKS - How they work and how to pick them. This fact 
filled report will teach you more about locks and the art of 
lock picking than many books we have seen at 4 times the 
price. Packed with information and illustrations. R008 £3.50 
@ RADIO & TV JOKER PLANS 

We show you how to build three different circuits for disrupt- 
ing TV picture and sound plus FM radio! May upset your 
neighbours & the authorities! DISCRETION REQUIRED. 
R017 £3.50 

@ INFINITY TRANSMITTER PLANS Complete plans for 
building the famous Infinity Transmitter. Once installed on the 
target phone, device acts like a room bug. Just call the target 
phone & activate the unit to hear all room sounds. Great for 
home/office security! R019 £3.50 

@ THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out of thin air! No need to wire-in a phone 
bug. Simply place this device near the phone lines to hear the 
conversations taking place! R025 £3.00 

@ CASH CREATOR BUSINESS REPORTS Need ideas for 
making some cash? Well this could be just what you need! 
You get 40 reports (approx. 800 pages) on floppy disk that 
give you information on setting up different businesses. You 
also get valuable reproduction and duplication rights so that 
you can sell the manuals as you like. R030 £7.50 
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@ PC CONTROLLED RELAY BOARD 

Convert any 286 upward PC into a dedicated auto- 
matic controller to independently turn on/off up to 
eight lights, motors & other devices around the 
home, office, laboratory or factory. Each relay output 
is capable of switching 250VAC/4A. A suite of DOS 
and Windows control programs are provided to- 
gether with all components (except box and PC 
cable). 12VDC. PCB 70x200mm. 3074KT £31.95 

@ 2 CHANNEL UHF RELAY SWITCH Contains the 
same transmitter/receiver pair as 30A15 below plus 
the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 
LEDs used to indicate relay status. 3082KT £27.95 
@ TRANSMITTER RECEIVER PAIR 2-button keyfob 
style 300-375MHz Tx with 30m range. Receiver 
encoder module with matched decoder IC. 
Components must be built into a circuit like kit 3082 
above. 30A15 £14.95 

@ PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors. Software & 
all components (except servos/control pots) supplied. 
5VDC. PCB 50x70mm. 3102KT £15.95 

@ UNIPOLAR STEPPER MOTOR DRIVER for any 
5/6/8 lead motor. Fast/slow & single step rates. 
Direction control & on/off switch. Wave, 2-phase & 
half-wave step modes. 4 LED indicators. PCB 
50x65mm. 3109KT £14.95 

@ PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipolar stepper motors (8A max. each) 
via PC printer port. Wave, 2-phase & half-wave step 
modes. Software accepts 4 digital inputs from exter- 
nal switches & will single step motors. PCB fits in D- 
shell case provided. 3113KT £17.95 

@ 12-BIT PC DATA ACQUISITION/CONTROL UNIT 
Similar to kit 3093 above but uses a 12 bit Analogue- 
to-Digital Converter (ADC) with internal analogue 
multiplexor. Reads 8 single ended channels or 4 dif- 
ferential inputs or a mixture of both. Analogue inputs 
read 0-4V. Four TTL/CMOS compatible digital 
input/outputs. ADC conversion time <10uS. Software 
(C, QB & Win), extended D shell case & all compo- 
nents (except sensors & cable) provided. 3118KT 
£52.95 

@ LIQUID LEVEL SENSOR/RAIN ALARM Will indi- 
cate fluid levels or simply the presence of fluid. Relay 
output to control a pump to add/remove water when it 
reaches a certain level. 1080KT £5.95 

@ AM RADIO KIT 1 Tuned Radio Frequency front- 
end, single chip AM radio IC & 2 stages of audio 
amplification. All components inc. speaker provid- 
ed. PCB 32x102mm. 3063KT £10.95 

@ DRILL SPEED CONTROLLER Adjust the speed 
of your electric drill according to the job at hand. 
Suitable for 240V AC mains powered drills up to 


WEB: http://www.QuasarElectronics.com 
email: epesales@QuasarElectronics.com 


700W power. PCB: 48mm x 65mm. Box provided. 
6074KT £17.95 

@ 3 INPUT MONO MIXER Independent level con- 
trol for each input and separate bass/treble controls. 
Input sensitivity: 240mV. 18V DC. PCB: 60mm x 
185mm 1052KT £16.95 

@ NEGATIVE\POSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. Mains 
voltage experience required. 3057KT £10.95 

@ LED DICE Classic intro to electronics & circuit 
analysis. 7 LED's simulate dice roll, slow down & land 
on a number at random. 555 IC circuit. 3003KT £9.95 
@ STAIRWAY TO HEAVEN Tests hand-eye co-ordi- 
nation. Press switch when green segment of LED 
lights to climb the stairway - miss & start again! 
Good intro to several basic circuits. 3005KT £9.95 
@ ROULETTE LED ‘Ball’ spins round the wheel, 
slows down & drops into a slot. 10 LED’s. Good intro 
to CMOS decade counters & Op-Amps. 3006KT 
£10.95 

@ 12V XENON TUBE FLASHER TRANSFORMER 
steps up a12V supply to flash a 25mm Xenon tube. 
Adjustable flash rate. 3163KT £13.95 

@ LED FLASHER 1 5 ultra bright red LED’s flash in 
7 selectable patterns. 3037MKT £5.95 

@ LED FLASHER 2 Similar to above but flash in 
sequence or randomly. Ideal for model railways. 
3052MKT £5.95 

@ INTRODUCTION TO PIC PROGRAMMING. 
Learn programming from scratch. Programming 
hardware, a P16F84 chip and a two-part, practical, 
hands-on tutorial series are provided. 3081KT 
£21.95 

@ SERIAL PIC PROGRAMMER for all 8/18/28/40 
pin DIP serial programmed PICs. Shareware soft- 
ware supplied limited to programming 256 bytes 
(registration costs £14.95). 3096KT £10.95 

@ ATMEL 89Cx051 PROGRAMMER Simple-to- 
use yet powerful programmer for the Atmel 
89C1051, 89C2051 & 89C4051 uC’s. Programmer 
does NOT require special software other than a 
terminal emulator program (built into Windows). 
Can be used with ANY computer/operating sys- 
tem. 3121KT £24.95 

@ 3V/1.5V TO 9V BATTERY CONVERTER Replace 
expensive 9V batteries with economic 1.5V batter- 
ies. IC based circuit steps up 1 or 2 ‘AA’ batteries to 
give 9V/18mA. 3035KT £5.95 

@ STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist & professional laboratory. Very 
reliable & versatile design at an extremely reason- 
able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps. Large 
heatsink supplied. You just supply a 24VAC/3A 
transformer. PCB 55x112mm. Mains operation. 
1007KT £16.95. 


@ STABILISED POWER SUPPLY 2-30V/5A As kit 
1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 1096KT £27.95. 

@ MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement 
of the bike to trigger the alarm & switch the output 
relay to which a siren, bikes horn, indicators or 
other warning device can be attached. Auto-reset. 
6-12VDC. PCB 57x64mm. 1011KT £11.95 Box 
2011BX £7.00 

@ CAR ALARM SYSTEM Protect your car from 
theft. Features vibration sensor, courtesy/boot light 
voltage drop sensor and bonnet/boot earth switch 
sensor. Entry/exit delays, auto-reset and adjustable 
alarm duration. 6-12V DC. PCB: 47mm x 55mm 
1019KT £11.95 Box 2019BX £8.00 

@ PIEZO SCREAMER 110dB of ear piercing noise. 
Fits in box with 2 x 35mm piezo elements built into 
their own resonant cavity. Use as an alarm siren or 
just for fun! 6-9VDC. 3015KT £10.95 

@ COMBINATION LOCK Versatile electronic lock 
comprising main circuit & separate keypad for 
remote opening of lock. Relay supplied. 3029KT 
£10.95 

@ ULTRASONIC MOVEMENT DETECTOR Crystal 
locked detector frequency for stability & reliability. PCB 
75x40mm houses all components. 4-7m range. 
Adjustable sensitivity. Output will drive external 
relay/circuits. 9VDC. 3049KT £13.95 

@ PIR DETECTOR MODULE 3-lead assembled 
unit just 25x35mm as used in commercial burglar 
alarm systems. 3076KT £8.95 

@ INFRARED SECURITY BEAM When the invisible 
IR beam is broken a relay is tripped that can be used 
to sound a bell or alarm. 25 metre range. Mains 
rated relays provided. 12VDC operation. 3130KT 
£12.95 

@ SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 10 
from 1Hz-100KHz. Visual output indicator. 5-18VDC. 
Box provided. 3111KT £8.95 

@ PC DRIVEN POCKET SAMPLER/DATA LOG- 
GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milli-seconds to 
months. Can also be used as a simple digital 
scope to examine audio & other signals up to 
about 5KHz. Software & D-shell case provided. 
3112KT £18.95 

@ 20 MHz FUNCTION GENERATOR Sauare, tri- 
angular and sine waveform up to 20MHz over 3 
ranges using ‘coarse’ and ‘fine’ frequency adjust- 
ment controls. Adjustable output from 0-2V p-p. A 
TTL output is also provided for connection to a 
frequency meter. Uses MAX038 IC. Plastic case 
with printed front/rear panels & all components 
provided. 7-12VAC. 3101KT £69.95 


30-in-ONE 
Electronic Projects Lab 


Great introduction to electronics. Ideal for the budding electron- 
ics expert! Build a radio, burglar alarm, water detector, morse 

code practice circuit, simple computer circuits, and much more! 
NO soldering, tools or previous electronics knowledge required. 


Circuits can be built and unassembled repeatedly. 


Comprehensive 68-page manual with explanations, schematics 
and assembly diagrams. Suitable for age 10+. Excellent for 


schools. Requires 2 x AA batteries. 


Order Code EPLO30 ONLY £14.95 (phone for bulk discounts). 


130, 300 and 500-in-ONE also available. 
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UASAF Number 


Enhanced ‘PICALL ISP PIC Pe renne 


Kit will program virtually ALL 8 to 40 pin* 

serial and parallel programmed PIC micro- 

controllers. Connects to PC parallel port. 

Supplied with fully functional pre- 

registered PICALL DOS and WINDOWS 

AVR software packages, all components 

and high quality DSPTH board. Also 

programs certain ATMEL AVR, SCENIX 

SX and EEPOM 24C devices. New devices can be added to the 
software as they are released. Blank chip auto detect feature for super- 
fast bulk programming. Hardware now supports ISP programming. 
*A 40 pin wide ZIF socket is required to program 0-3in. devices (Order 
Code AZIF40 @ £15.00). 


3144KT 
AS3144 


Enhanced ‘PICALL ISP PIC Programmer 
Assembled Enhanced ‘PICALL ISP 

PIC Programmer 

Assembled Enhanced ‘PICALL ISP PIC 
Programmer c/w ZIF socket 


AS3144ZIF 


ATMEL AVR Programmer 


Powerful programmer for Atmel 

AT90Sxxxx (AVR) micro controller fam- 

ily. All fuse and lock bits are program- 

))mable. Connects to serial port. Can be 

used with ANY computer and operat- 

ing system. Two LEDs to indicate pro- 

gramming status. Supports 20-pin DIP 

AT90S1200 & AT90S2313 and 40-pin 

DIP AT90S4414 & AT90S8515 devices. NO special software 

required — uses any terminal emulator program (built into 

Windows). The programmer is supported by BASCOM-AVR Basic 
Compiler software (see website for details). 


3122KT ATMEL AVR Programmer 
AS3122 Assembled 3122 


Atmel 89Cx051 and 89xxx programmers also available. 


PC Data Acquisition & Control Unit 


With this kit you can use a PC 

parallel port as a real world 

interface. Unit can be connected to a 

mixture of analogue and digital 

inputs from pressure, temperature, 

movement, sound, light intensity, 

weight sensors, etc. (not supplied) to 

sensing switch and relay states. It 

can then process the input data and 

use the information to control up to 11 physical devices such as 
motors, sirens, other relays, servo motors & two-stepper motors. 


FEATURES: 

@ 8 Digital Outputs: Open collector, 500mA, 33V max. 

@ 16 Digital Inputs: 20V max. Protection 1K in series, 5-1V Zener to 
ground. 

@ 11 Analogue Inputs: 0-5V, 10 bit (5mV/step.) 

@ 1 Analogue Output: 0-2-5V or 0-10V. 8 bit (20mV/step.) 

All components provided including a plastic case (140mm x 110mm x 

35mm) with pre-punched and silk screened front/rear panels to give a 

professional and attractive finish (see photo) with screen printed front 

& rear panels supplied. Software utilities & programming examples 

supplied. 


3093KT PC Data Acquisition & Control Unit £99.95 


AS3093 Assembled 3093 £124.95 


See opposite page for ordering 
information on these kits 
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ABC Mini ‘Hotchip’ Board 


Currently learning about 

microcontrollers? Need to do 

something more than flash a LED 

or sound a buzzer? The ABC Mini 

‘Hotchip’ Board is based on Atmel’s 

AVR 8535 RISC technology and 

will interest both the beginner and 

expert alike. Beginners will find that 

they can write and test a simple 

, program, using the BASIC 

Me programming language, within an 

hour or two of connecting it up. 

Experts will like the power and flexibility of the ATMEL microcontroller, 

as well as the ease with which the little Hot Chip board can be 

“designed-in” to a project. The ABC Mini Board ‘Starter Pack’ includes 

just about everything you need to get up and experimenting right 

away. On the hardware side, there’s a pre-assembled micro controller 

PC board with both parallel and serial cables for connection to your 

PC. Windows software included on CD-ROM features an Assembler, 

BASIC compiler and in-system programmer The pre-assembled 
boards only are also available separately. 


ABCMINISP ABC MINI Starter Pack 


ABCMINIB 


ABC MINI Board Only 


Advanced 32-bit Schematic Capture 
and Simulation Visual Design Studio 


* VisualSpice 
[fie see zoom raion ce Jace unto #4 OB MRMPG| 


(- jo] x! 
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Advanced Hierarchal Schematic Capture, includes Graphical 
Library Browser and Device Searcher, Device Library Editor, 
Spice and PCB Netlist Generation, Over 7000 device models, 
Model Import Wizard allows you to download and import models 
from device manufacturers web page 


* Advanced 32-bit Analogue, Digital, & Mixed Mode Simulation 

* Virtual Instruments: Ohm/Voltage/Current/Power Multi-meter 
shows complex VoRage, Current, Phase, Magnitude etc. 

* Built in 64-Channel Real-Time Virtual Oscilloscope 

* Built in Digital Logic Analyzer allows you to set breakpoints 

* Supports Advanced BSIM3v3, BSIM4, and SOI Models 

* 21 Different analysis types including advanced Monte Cario/WC 


2) visualspic 
Personal Edition £74.95 
Professional Edition £174.95 


e Software Purchasing Options 
Standard Edition £124.95 


I I 


Serial Port Isolated I/O Controller 


Kit provides eight relay outputs 
capable of switching 4 amps at mains 
voltages and four optically isolated 
digital inputs. Can be used ina variety| ik 
of control and sensing applications) — 
including load switching, external 

switch input sensing, contact closure 

and external voltage sensing. 

Programmed via a computer serial port, it is compatible with ANY 
computer & operating system. After programming, PC can be 
disconnected. Serial cable can be up to 35m long, allowing 
‘remote’ control. User can easily write batch file programs to 
control the kit using simple text commands. NO special software 
required — uses any terminal emulator program (built into 
Windows). All components provided including a plastic case with 
pre-punched and silk screened front/rear panels to give a 
professional and attractive finish (see photo). 


3108KT 
AS3108 


Serial Port Isolated I/O Controller Kit 
Assembled Serial Port Isolated I/O Controller 


é 
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SPECIAL OFFERS 
TEKTRONIX 2445A 
4-ch 150MHz delay,, 
cursors etc. Supplied 
| | t with 2 Tektronix probes. 
: ~ 
oo es omy &> 
TEKTRONIX 2232 Digital Storage Scope. 
Dual Trace, 100MHz, 100M/S with probes ... £525 
CIRRUS CRL254 Sound Level Meter 
with Calibrator 80-120dB, LEQ .... 
BECKMAN HD110 Handheld 3% digit DMM, 28 
ranges, with battery, leads and carrying case .£30 
WAYNE KERR B424 Component Bridge .. . .£50 
RACAL 9300 True RMS Voltmeter, 5Hz-20MHz 
usable to 60MHz, 10V-316V .... £50 
RACAL 9300B, as above - £75 


H.P. 8460A Signal Generator, AM/FM, 500kHz-512MHz£250 
KENWOOD CS4025 Oscilloscope, dual trace, 20MHz. £125 
LEADER LBO523 Oscilloscope, dual trace, 35MHz £140 
GOULD 0$300 Oscilloscope, dual trace, 20MHz. . . £95 
NATIONAL PANASONIC VP7705A Distortion Analyser 


KENWOOD VT176 Millivoltmeter 2-channel 
KENWOOD FL140 Wow & Flutter Meter. . . 
KENWOOD FL180A Wow & Flutter Meter 


BI lel 
Elements for the above. . 


H.P. 3312A Function Gen., 0-1Hz-13MHz, 

AM/FM Sweep/Tri/Gate/Brst etc. .........! £300 
FARNELL AMM255 Automatic Mo 

Meter, 1-5MHz-2GHz, unused 

FARNELL DSG1 Low Frequency Syn Sig. Gen., 
0-001Hz-99-99kHz, low distortion, 
Square/Pulse Outputs etc. 

FLUKE 8060A Handheld True RMS, DMM, 

4% digit As new £150, used £95 
H.P. 3310A Function Gen., 0-005Hz-5MHz, 
Sine/Sq/Tri/Ramp/Pulse . . £125 
FARNELL LFM4 Sine/Sq Oscillator, 10Hz-1MHz, 
low distortion, TTL output, Amplitude Meter .£125 
H.P. 545A Logic Probe with 546A Logic 

Pulser and 547A Current Tracer 

FLUKE 77 Multimeter, 3%-digit, handheld . 
FLUKE 77 Series 11 

HEME 1000 L.C.D. Clamp Meter, 00-1000A, 

in carrying case 


BLACK STAR ORION PAL/TV Colour Pattern 
Generator from £75-£125 


MARCONI 893C AF Power Meter, Sinad Measurement 
nee Unused £100, Used £60 
MARCON 8938, Sina 
MARCONI 2610 True RMS Voltmeter, Autoranging, 
5Hz-25MHz 


low distortion . . 

AVO 8 Mk. 6 in Every Ready case, wit 

Other AVOs from 

GOODWILL GVT427 Dual Ch AC Millvoltmeter, 
10mV-300V in 12 ranges, Freq. 10Hz-1MHz . .£100-£125 
SOLARTRON 7150 DMM 6%-digit 
Tru RMS-IEEE 

SOLARTRON 7150 Plus . 


£95-£150 


HIGH QUALITY RACAL COUNTERS 
9904 Universal Timer Counter, 50MHz . 
9916 Counter, 10Hz-520MHz 
9918 Counter, 10Hz-560MHz, 9-digit re 
WAYNE KERR B424 Component Bridge ... - 
RACAL/AIM 9343M LCR Databridge. 
Digital Automeasurement of R, C,L,Q,D ... 
HUNTRON TRACKER Model 1000 ... 
FLUKE 8050A 4-5 Digit. 2A. True RMS . 
FLUKE 8010A 3-5 Digit. 10A .. . 
FLUKE 8012A 3-5 Digit. 2A .... 


Portable Appliance Tester t £180 |) 
Megger Pat 2 ONLY 


THURLBY/THANDER TG210 Function Generator, 
0-002Hz-2MHz, TTL etc 

Datron 1061A 

High Quality 6% digit Bench 

Multimeter 


THURLBY THANDAR P: 
True RMS/4 wire/Current Converter 


0A-2A Twice (late colours) 
Racal Receiver RA1772 
50kHz-30MHz 


H.P. 6012B DC PSU 0-60V, 0-50A, 1000W .£1000 
FARNELL AP60/50 1KW Autoranging . -£1000 
FARNELL H60/50 0-60V 0-50A .. . £750 
FARNELL H60/25 0-60V, 0-25A . . 

Power Supply HPS3010, 0-30V, 0-10A 

FARNELL Dual PSU XA35-2T, 0-35V, 0-2A, Twice 
OMD l.c.d. Display _ £180 
FARNELL L30-2 0-30V, 0-2A . £80 
FARNELL L30-1 0-30V, 0-1A 

Many other Power Supplies available 


STEWART of READING 


110 WYKEHAM ROAD, READING, BERKS. RG6 1PL ===" 
Telephone: (0118) 9268041. Fax: (0118) 9351696 
www.stewart-of-reading.co.uk 
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement) 
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FARNELL DTV12-14 OSCILLOSCOPE. 
Dual trace, 12MHz TV, coupling .ONLY 


&® 


FARNELL LF1 SINE/SQ OSCILLATOR. 
10Hz-1MHz. ONLY 


OSCILLOSCOPES 


TEKTRONIX TDS350 dual trace, 200MHz, 1G/S_ . .Unused £1500 
TEKTRONIX TDS320 dual trace, 100MHz, SOOM/S ..... £1200 
TEKTRONIX TDS310 dual trace, 50MHz, 200M/S £950 
LECROY 9400A dual trace, 175MHz, 5G/S .... £750 
HITACHI VC6523, d/trace, 20MHz, 20M/S, delay etc. Unused £500 
PHILIPS PM3092 2+2-ch., 200MHz, delay etc., £800 as new £950 
PHILIPS PM3082 2+2-ch., 100MHz, delay etc., £700 as new £800 
TEKTRONIX TAS465 dual trace, 100MHz, delay etc. . £750 
TEKTRONIX 2465B 4-ch., 400MHz, delay cursors etc £1500 
TEKTRONIX 2465 4-ch., 300MHz, delay cursors etc. . £900 
TEKTRONIX 468 Dig. Storage, dual trace, 100MHz, delay .. .£450 
TEKTRONIX 466 Analogue Storage, dual trace, 100MHz 
TEKTRONIX 485 dual trace, 350MHz, delay sweep 
TEKTRONIX 475 dual trace, 200MHz, delay sweep 
TEKTRONIX 465B dual trace, 100MHz, delay sweep . 
TEKTRONIX 2215 dual trace, 60MHz, delay sweep . . i 
PHILIPS PM3065 2+1-ch., 100MHz, dual TB/delay autoset £375 
PHILIPS PM3055 2+1-ch., 60MHz, dual TB/delay autoset . £275 
PHILIPS PM3217 dual trace, 50MHz delay ....... . .£200-£250 
GOULD 0$1100 dual trace, 30MHz delay £125 
HAMEG HM303.6 dual trace, 35MHz component tester 
asnew .... 
HAMEG HM303 dual ‘race, 30MHZ component tester P 
Many other Oscilloscopes available 


£240 
£200 


MARCONI 2022E Synth AM/FM Sig Gen 

10kHz-1.01GHz l.c.d. display ete ..........008. 
H.P. 8657A Synth sig gen, 100kHz- 4040MHZ ain dveaigcara 
H.P. 8656B Synth sig gen, 100kHz-990MHz ...........4 
H.P. 8656A Synth sig gen, 100kHz-990MHz 
R&S APN62 Synth, 1Hz-260kH7 sig. gen., 
balanced/unbalanced output, |.c.d. display 
PHILIPS PM5328 sig gen, 100kHz-180MHz with 

200Mbz, freq. counter, IEEE .......... Das 
RACAL 9081 Synth AM/FM sig ger en, SMHz- 520MHz 
H.P. 3325A Synth function gen, 21MHz . 
MARCONI 6500 Amplitude Analyser . . 
H.P. 4192A Impedance Analyser .... . 
H.P. 4275A LCR Meter, 10kHz-10MHz 
H.P. 8903A Distortion Analyser ...... 
WAYNE KERR 3245 Inductance Analyser 
H.P. 8112A Pulse Generator, 50MHz . . 
MARCONI 2440 Frequency Counter, 20GHz . 46h 
H.P. 5350B Frequency Counter, 20GHz...............4 
H.P. 5342A 10Hz-18GHz Frequency Counter 
H.P. 1650B Logic Analyser, 80-channel ......... 
MARCONI 2035 Mod Meter, S00kHz-2GHz . 


£525-£750 


POA 
£400 
£400 
£750 
. £500 


H.P. 6063B DC Electronic Load, 3-240V/0-10A, 250W ..... 

H.P, 66312A PSU, 0-20V/0-2A es 

H.P. 66311B PSU, 0-15V/0-3A 

H.P. 66309D PSU Dual, 0-15, 0- 3A0- 12, 0-154. 

H.P. 6632B PSU, 0-20V/0-5A . 

H.P. 6623A PSU, triple output ranging from 0-7V 0: 
0-20V 0-4A..... 

H.PJAGILENT 34401A DMM 61% dat. a 

H.P. 3478A DMM 5% digit. . 

FLUKE 45 DMM dual display . 

KEITHLEY 2010 DMM 7% digi 

KEITHLEY 617 Programmable Electromete! 

H.P. 4338B Milliohmmeter.............. 

RACAL Counter type 1999 2.6GHz. . 

HP. Counter type 53131A 3GHz. . 

H.PJAGILENT 33120A Func. Gen/ARB, Y00uHz- 45MH 


. £900/21000 
SONY/TEKTRONIX Al 0 Arbitary Func. £1250 
H.P. 8904A Syn. Function Gen, DC-600kHz.. . 


- £850 
-B400/¢450 


-£1000/81250 

BLACK STAR JUPITOR 2010 Func. Gen, 0- 2Hz-2MHz with 
frequency counter 

H.P. 8116A Pulse Generator, 1_mH-50MHz . - £1950 

H.P, 8657B Syn Sig. Gen, 0-1-2080MHz........ - £2500 

CO-AXIAL SWITCH, 1-5GHz....... a wee £40 

IEEE CABLES......... ‘ke és perem 1') 


ECTRUM ANALYSERS 


HP, 8561B 50Hz-6-5GHz . 

H.P. 8560A 50Hz-2.9GHz synthesised 

HP, 8594E 9kHz-2:9GHz 

HP. 8591E 1MHz-1-8GHz, 75 Ohm e 

HP. 853A with 8559A 100kHz-21GHz . 

HP, 8558B with Main Frame, 100kHz-1500MHz 

H.P. 3585A 20Hz-40MHz . 

HP. 3580A 5Hz-50kHz....... 

ADVANTEST R4131B 10kHz-3:5GHz . 
EATON/AILTECH 757 0:001-22GHz ... . 

MARCONI 2382 100Hz-400MHz, high resolution 
MARCONI 2370 30Hz-110MHz . ss 

HP. 182 with 8557 10kHz-350MHz . 

HP. 141T SYSTEMS. 

8553 1kHz-110MHz ... 

8554 500kH2-1250MHz 

8555 10MHz-18GHz . 

H.P. 8443 Tracking Gen/Counter, 110MHz .... 

H.P, 8444 OPT 059 ......... 

B&K 2033R Signal Analyser s 

HP. 8754A Network Analyser, 4MHz- ane 
HP. 3557A Network Analyser, 5Hz-200MHz ........ 
H.P. 53310A Mod Domain Analyser Opt 001/003 .. - £5000 
ONO SOKKI CF300 Portable FFT Analyser ...... - £1500 
H.P. 8720C Microwave Network Analyser, SOMHz-< 20GHz £12, 500 


£140 


.. £5000 
- £5000 
- £4500 
- £2750 
- £1750 
- £750 
- £2500 
- £600 
- £2750 
- £750 
- £2000 
from £500 
- £500 


-» £500 
- £750 

- £1000 
-». £250 
. £750 

- £650 

- £1250 
- £3000 


RADIO COMMUNICATIONS TEST SETS 
MARCONI 2955/2955R ....................004 From £1000 
ROHDE & SCHWARZ CMT 0-1-1000MHz e £1500 
SCHLUMBERGER 4040.......... £750 


Used Equipment — GUARANTEED. Manuals supplied 
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists. 
Please check availability before ordering. 

CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage 


ss 


SUPPLIES 


WCN Supplies Dept EPE * The Old Grain Store ¢ Rear Of 62 Rumbridge Street « Totton « ae ¢ $040 9DS 
Telephone or Fax On Southampton 023 8066 0700 ¢ Email: info@wcnsupplies. fsnet.co.uk 


Telephone, Fax Or Email For Your Free Catalogue 
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ELECTRONICS 


Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 


E-mail: sales @ magenta2000.co.uk 
LTD 


135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 


All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next day 


MAIL ORDER ONLY @ CALLERS BY APPOINTMENT 


EPE PROJECT PICS 


Programmed PICs for *EPE Projects 
12C508/9 — £3.90; 16F627/8 — £4.90 
16C84/16F84/16C71 — £5.90 
16F 876/877 — £10.00 
All inc. VAT and Postage 


(‘Some projects are copyright) 


EPE MICROCONTROLLER 


P.I. TREASURE HUNTER 
The latest MAGENTA DESIGN -— highly 
stable & sensitive — with I.C. control of all 
timing functions and advanced pulse 
separation techniques. 

@ High stability 

drift cancelling 
e Easy to build 

& use 
e@ No ground 

effect, works 

in seawater 


@ Detects gold, 
silver, ferrous & 


non-ferrous 
metals 
@ Efficient quartz controlled 
microcontroller pulse generation. 
@ Full kit with headphones & all 
hardware 


KIT 847 


DEVELOPMENT 


68000 


TRAINING KIT 


e@ NEW PCB DESIGN 

© 8MHz 68000 16-BIT BUS 

@ MANUAL AND SOFTWARE 

@ 2 SERIAL PORTS 

@ PIT AND I/O PORT OPTIONS 
e@ 12C PORT OPTIONS 


KIT 621 
m £99.95 


e ON BOARD 

5V REGULATOR 

e PSU £6.99 

e SERIAL LEAD £3.99 


Stepping Motors 


MD100..Std 100 step..£9.99)|(& 
MD200...200 step...£12.99 ~ 
MD24...Large 200 step...£22.95 


MOSFET MklIl VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 


Based on our Mk1 design and 
preserving all the features, but 
now with — switchin pre- 
regulator for much higher effi- 
ciency. Panel meters indicate 
Volts and Amps. Fully variable 
down to zero. Toroidal mains 
transformer. Kit — includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 
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PIC PIPE DESCALER 


e@ SIMPLE TO BUILD @ SWEPT 

@ HIGH POWER OUTPUT —FREQUENCY 
e@ AUDIO & VISUAL MONITORING 
An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 

Kit includes case, P.C.B., coupling 
coil and all components. 

High coil current ensures maximum 


effect. L.E.D. monitor. 
KIT 868 ....... £22.95 POWER UNIT......£3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts. 

e RANDOM PULSES 

e HIGH POWER 

e DUAL OPTION 


Plug-in power supply £4.99 


KIT 867... 0.2 cee £19.99 
KIT + SLAVE UNIT... 2.2.0... cee ee eee £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra. 


KUT BSG ices siciecnt cine asia wvatecwtwnnte Ace ace £28.00 


*% TENS UNIT * 


DUAL OUTPUT TENS UNIT 
As featured in March ’97 issue. 


Magenta have prepared a FULL KIT for this. 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866. . Full kit including four electrodes £32.90 


4 spare 


electrodes 
£6.50 


TEACH-IN 
2000 


Full set of top quality NEW 
components for this educa- 
tional series. All parts as 
specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, as listed in 
introduction to Part 1. 

*Batteries and tools not included. 


TEACH-IN 2000 - 
KIT 879 £44.95 
MULTIMETER £14.45 


SPACEWRITER 


An innovative and exciting project. 

Wave the wand through the air and 

your message appears. Programmable 

to hold any message up to 16 digits long. 
Comes pre-loaded with “MERRY XMAS". Kit 
includes PCB, all components & tube plus 
instructions for message loading. 


KIT 849 


12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 
12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 


KIT 790............ £29.90 


1000V & 500V INSULATION 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


SUPER BAT 
DETECTOR 


1 WATT O/P, BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 


A new circuit using a 


‘full-bridge’ audio 

amplifier i.c., internal 

speaker, and 

headphone/tape socket. 

The latest sensitive 

transducer, and ‘double 

balanced mixer’ give a at 
stable, high perfor- 

mance superheterodyne design. 


KIT 861 


ALSO AVAILABLE Built & Tested. . . £39.99 


Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children’s play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals. 


e KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 
e EFFICIENT 100V 


TRASONIC PEsT SCARER 


e UP TO 4 METRES 
R 


SIMPLE PIC 
— PROGRAMMER 
ER KIT 857... £12.99 


Includes PIC16F84 chip 
disk, lead, plug, p.c.b., 
all components and 


COMPLETELY | NAUDIBLE LOW GURRENT cher 

e e i 

= TeRUMP Ns BRAIN gid rt 
Kit No. 845 ........ £64.95:°° | KIT 812s ci cccdsis weawieine ee daw cue eine £15.00 PPly **- 
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MAGENTA BRAINIBOT I & Il 


Full kit with ALL hardware 
and electronics 

As featured in EPE Feb ’03 — 
KIT 910 

Seeks light, beeps, avoids 
obstacles 

Spins and reverses when 
‘cornered’ 

Uses 8-pin PIC 

ALSO KIT 911 — As 910 
PLUS programmable from PC 
serial port — leads and soft- 
ware CD provided 


KIT 910 £16.99 KIT 911 £24.99 


PIC 16-84 MAINS POWER 4-CHANNEL 
CONTROLLER & LIGHT CHASER 


@ ZERO VOLT SWITCHING HARD-FIRED TRIACS 
WITH SOURCE CODE 
SPEED & DIMMING POT. 
EASILY PROGRAMMED 


e@ OPTO ISOLATED 5 Amp 
@ 12 KEYPAD CONTROL 


Kit 855 £39.95 


PIC 16F84 LCD DISPLAY DRIVER 


INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC- 
TER 2-LINE 

LCD DISPLAY 


Kit 860 £19.99 


Power Supply £3.99 


FULL PROGRAM SOURCE CODE 
SUPPLIED — DEVELOP. 
YOUR OWN APPLICATION! 


Another super PIC project from Magenta. Supplied with PCB, industry standard 2-LINE x 
16-character display, data, all components, and software to include in your own programs. 
Ideal development base for meters, terminals, calculators, counters, timers — Just waiting 
for your application! 


8-CHANNEL DATA LOGGER 


As featured in Aug./Sept. ’99 EPE. Full kit with Magenta 
aaron len PCB — LCD fits directly on board. Use as Data 
Loager or as a test bed for man’ y other 16F877 projects. Kit 
includes programmed chip, 8 EEPROMs, PCB, case and all components. 


KIT 877 £49.95 inc. 8 x 256K EEPROMS 


ICEBREAKER 
bpooooooo000 


PIC Real Time 
In-Circuit Emulator 


@ Icebreaker uses PIC16F877 in circuit debugger 

@ Links to Standard PC Serial Port (lead supplied) 

@ Windows™ (95+) Software included 

@ Works with MPASM and MPLAB Microchip software 

@ 16x 2L.C.D., Breadboard, Relay, I/O devices and patch leads supplied 

As featured in March ’00 EPE. Ideal for beginners AND advanced users. 

Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 20MHz), or one step at a time. 

Full emulation means that all I/O ports respond exactly and immediately, reading and 
driving external hardware. 

Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change 
registers, EEPROM and program memory; Load program, Single Step with display of 
Status, W register, Program counter, and user selected ‘Watch Window’ registers. 


KIT 900 .. . £34.99 


POWER SUPPLY £3.99 STEPPING MOTOR 100 STEP £9.99 


Tel: 01283 565435 Fax: 01283 546932 
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EPE PIC TOOLKIT 3 


@ THE LATEST TOOLKIT BOARD — 8, 18, 28 AND 40-PIN CHIPS 
@ MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT AND EXTRAS 
e L.C.D., BREADBOARD AND PIC CHIP INCLUDED 

@ ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED 


KIT 880 .. . £34.99 with 16F84 ... £39.99 with 16F877 


PIC TOOLKIT V2 


SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS 
READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 
SIMPLE POWER SUPPLY OPTIONS 5V-20V 
ALL SWITCHING UNDER SOFTWARE CONTROL 
MAGENTA DESIGNED PCB HAS TERMINAL PINS AND 
OSCILLATOR CONNECTIONS FOR ALL CHIPS 
e@ INCLUDES SOFTWARE AND PIC CHIP 
£29.99 with 16F877 


KIT 878 .. . £22.99 with 16F84... 


EPE PIC Tutorial 


t last! eal, Practical, Hands-On Serie 
e Learn Programming from scratch using PIC1 Fe 


e Start by lighting l.e.d.s and do 30 tutorials to 
Sound Generation, Data Display, and a Security 
System. 

e PIC TUTOR Board with Switches, l.e.d.s, and on 
board programmer 


PIC TUTOR BOARD KIT 

Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 
and Demonstration routines. 

KIT 870 .... £27.95, Built & Tested .... £42.95 
Optional: Power Supply — £3.99, ZIF Socket — £9.99 
LCD Display £7.99 LED Display 

Reprints Mar/Apr/May 98 — £3.00 set 3 


SUPER PIC PROGRAMMER 


e READS, PROGRAMS, AND VERIFIES 
e@ WINDOWS® SOFTWARE 
e@ PIC16C AND 16F — 6X, 7X, AND 8X 
e USES ANY PC PARALLEL PORT 
e USES STANDARD MICROCHIP _@ HEX FILES 
@ OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 
e PCB, LEAD, ALL COMPONENTS, TURNED-PIN 
£29.99 


SOCKETS FOR 18, 28, AND 40 PIN ICs 
e SEND FOR DETAILED | Kit 862 

Power Supply £3.99 
DISASSEMBLER 
£11.75 


INFORMATION — A 
SOFTWARE 


SUPERB PRODUCT AT 
AN UNBEATABLE LOW 

PIC STEPPING MOTOR DRIVER 
Kit 863 £18.99 


PRICE. 

FULL SOURCE CODE SUPPLIED 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS 


INCLUDES PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISC, 
INSTRUCTIONS 
AND MOTOR. 


Another Magenta PIC project. Drives any 4-phase unipolar motor — up to 
24V and 1A. Kit includes all components and 48 step motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 


All prices include VAT. Add £3.00 p&p. Next day £6.99 


E-mail: sales @ magenta2000.co.uk 
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Editorial Offices: 
EVERYDAY PRACTICAL ELECTRONICS EDITORIAL 
WIMBORNE PUBLISHING LTD., 408 WIMBORNE ROAD EAST, 


FERNDOWN, DORSET BH22 9ND 

Phone: (01202) 873872. Fax: (01202) 874562. 

Email: all wlio wimborne.co.uk 

Web Site: www.epemag.wimborne.co.uk 

EPE Online aunioadeiie version of EPE): www.epemag.com 


EPE Online {own www.epemag.wimborne.co.uk/shopdoor.htm 


EVERYDAY 


See notes on Readers’ Technical Enquiries below — we regret 


L Hila, MAGAZINE FOR ELECTRONICS TECHNOLOGY é COMPUTER _ tone technical enquiries cannot be answered over the tele- 
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EVERYDAY PRACTICAL ELECTRONICS ADVERTISEMENTS 
MILL LODGE, MILL LANE, 

THORPE-LE-SOKEN, ESSEX CO16 OED 

Phone/Fax: (01255) 861161 Email: epeads @ aol.com 


VOL. 32 No.7 JULY 2003 


BUOYANT 


It’s good to see our hobby in such a buoyant mood. Sales of our p.c.b.s, back issues — both 
printed and on CD-ROM - books and CD-ROMs for education, PIC Resources and PIC pro- 
gramming are all doing well. More readers are taking an active role in practical electronics. 
Warming up the soldering iron, booting up the computer and buying those components, 
rather than just reading the magazine and thinking about it. Maybe it’s because more com- 
puter buffs now want something extra to do, instead of just playing games or surfing the net. 
Maybe it’s because it is now so easy to make the electronics do exactly what you want it to 
— once you have mastered the programming, of course. But that does not explain why such 
a wide range of projects are now much more popular. 


POPULAR PROJECTS 


The most popular p.c.b.s we sell cover the whole spectrum from audio and test gear — 
always popular subjects — through to the more unusual like the Tesla Transformer, 
PICronos, L.E.D. Wall Clock, Earth Resistivity Logger and the Practical Radio Circuits 
designs. So, whilst the PIC programming items have consistently outsold everything else, 
all the other subject areas are also increasing in popularity. It has to be good for the future 
of our hobby and I guess good for the future of the electronics industry in general. 


AHEAD 


We will, of course, continue to bring you a wide range of projects covering all areas of 
electronics. Our plans for future issues include John Becker’s “solid-state” Weather Station, 
an unusual Radio Controlled Car Wars project, another more advanced Virus Zapper from 
Andy Flind, a Cardboard Clock and a highly unusual flashing body enhancement for the 
ultimate party/disco decoration from our innovative contributor Rev. Thomas Scarborough. 
Plus a new Top Tenners series of projects — eight different projects that can each be built for 
under £10 — which starts in this issue. 

In addition to all that, our next Teach-In series, Teach-In 2004, will start in the November 
issue. This one will follow the systems approach and is being written by Max Horsey. 

The future looks interesting. 


AVAILABILITY SUBSCRIPTIONS 


Copies of EPE are available on subscription anywhere 
in the world (see opposite), from all UK newsagents 
(distributed by COMAG) and from the following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also be pur- 
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $10.99US (approx £7) per year 
available from www.epemag.com 
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Subscriptions for delivery direct to any address in the 
UK: 6 months £15.50, 12 months £29.50, two years 
£54; Overseas: 6 months £18.50 standard air service or 
£27.50 express airmail, 12 months £35.50 standard air 
service or £53 express airmail, 24 months £66 standard 
air service or £101 express airmail. 

Online subscriptions, for downloading the magazine via 
the Internet, $10.99US (approx £7) for one year avail- 
able from www.epemag.com. 

Cheques or bank drafts (in £ sterling only) payable to 
Ever, yay Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http:/Avww.epemag.wimborne.co.uk. 
Subscri sg start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Switch or Visa. (For past 
issues see the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £6.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery — more for overseas. 


Payment in £ sterling only please. Visa, Amex, Diners 
Club, Switch and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig- 
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus- 
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 


Editor: MIKE KENWARD 
Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 

Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Administration: FAY KENWARD 
Editorial/Admin: (01202) 873872 
Advertisement Manager: 

PETER J. MEW, Frinton (01255) 861161 
Advertisement Copy Controller: 

PETER SHERIDAN, (01202) 873872 

On-Line Editor: ALAN WINSTANLEY 

EPE Online (\nternet version) Editors: 
CLIVE (MAX) MAXFIELD and ALVIN BROWN 


READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ self- 
addressed envelope and international reply 
coupons. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and_ staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga- 
zine and its Publishers cannot give any under- 
takings in respect of statements or claims 
made by advertisers, whether these advertise- 
ments are printed as part of the magazine, or 
in inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 
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Constructional Project 


EPE MINI 


METAL 


DETECTOR 


THOMAS SCARBOROUGH 


Become the proud owner of a low-cost, 
wrist-band metal detector. Plus a useful 
companion to your main “search tool” 


EAT frequency operation (b.f.o.) 
Be detectors were very popular 

in the 60s and 70s, soon after the 
advent of the first commercial transistors. 
Some models sold thousands of times over. 
But these quickly went out of fashion as 
superior induction balance (i.b.) and pulse 
induction (p.i.) designs appeared on the 
market. 

However, b.f.o. metal detectors still 
have significant advantages in the areas of 
cost and ease of construction, and may be 
better suited to certain applications, such 
as pipe-finding or probing. Also, they are 
particularly well suited to miniaturisation. 

It is this last feature, especially, which is 
exploited in this present article, which 
describes how to build a truly miniature 
b.f.o. metal detector which may be worn 
on the wrist. For good measure, and just a 
few additional items, a Pinpointer, which 
is used to pinpoint items found with a larg- 
er detector, is also described. 


WRIST DETECTOR 

While the performance of the EPE 
Mini Metal Detector is nothing to write 
home about, it is sufficiently sensi- 
tive to be of genuine use. It will 
clearly detect an old Victorian 
penny at a depth of 55mm, and a 
tiny 15mm diameter coin at 
35mm. It will vaguely detect 
these at 70mm and 45mm 
respectively. 

When properly tuned, it 
will pick up a pin. It will also 
discriminate between ferrous 
and non-ferrous metals (e.g. 
iron and copper), thus giving 
a good indication as to 
whether a “noble” metal has 
been found, or just a rusty 
piece of iron. 

The Mini has many poten- 
tial uses. It may be used for 
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detecting treasure (we hope!) during idle 
moments in the school grounds or on the 
beach. It may be used as a pipe-finder or 
cable locator. It may also be optimised to 
detect very small items, such as small nails 
and screws in furniture — for which pur- 
pose a simple modification is described 
later. 

Besides this, the EPE Mini may well be 
the first metal detector to be worn on the 
wrist. The author’s prototypes, when 
shown around, proved to be particularly 
popular for their novelty. 


DESIGN PRINCIPLES 


A b.f.o. metal detector typically 


employs two high frequency oscillators, 
which run side by side at almost the same 
frequency. One of these is the reference 
oscillator (ICla in Fig.1), the other the 
search oscillator (ICI f). 

The search oscillator incorporates a 
pick-up coil (L1), the inductance of which 


will change at the presence of metal — typ- 
ically just hundredths of one percent. 
When this happens, the frequency of the 
search oscillator shifts, and its frequency 
in relation to the reference oscillator 
increases or decreases. 

Now suppose that both the reference 
and the search oscillator oscillate at around 
500kHz, as they do in this present design. 
If these two frequencies are now mixed, so 
as to produce an audible beat frequency 
(also called the difference frequency), the 
presence of metal might shift the beat fre- 
quency by a few tens of Hertz, which is 
easily picked up by the ear. 

Notice, therefore, that a minute change 
in the frequency of the search oscillator 
(say 0-1%) is greatly magnified in the beat 
note, so as to cause a far larger shift in the 
audible beat frequency (perhaps 50%) — 
which represents an amplification of many 
hundreds of times. 


MINIATURISATION 


Generally speaking, existing b.f.o. 
designs are not well suited to miniaturisa- 
tion. There are two reasons for this. First, 
most are simply too complex to fit into a 
very small space — and second, many 
would be adversely affected by the close 
proximity of the human body. 

The EPE Mini overcomes these two 
problems in a number of ways. It 
employs an unusually compact cir- 

cuit, based on a single CMOS i.c. 
This makes miniaturisation possi- 
ble even without the need to resort 

to surface mount technology 
(smt). The small printed 
circuit board (p.c.b.) itself 
carries just eight small 
components. 
It overcomes the potential 
problems associated with 
close proximity to the 
human body (that is, wearing 
it on the wrist) by keeping all 
connections very short, and 
by sandwiching the circuit 
board between the piezo trans- 
ducer (WD1) and the batteries 
inside the case, which serves to 
isolate it from body capaci- 
tance. Also, a Faraday shield is 
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used for the search coil, so as to minimise 
both capacitive and ground effects. 

One further factor aids miniaturisation, 
which is that b.f.o. circuits tend to be very 
tolerant to metal items at close proximity. 
This means that a piezo transducer, a battery 
and a switch, as well as various other com- 
ponents, may be mounted very close to the 
search coil without any detrimental effect. 


CIRCUIT DETAILS 

The full circuit diagram for the EPE 
Mini Metal Detector shown in Fig.1 is vir- 
tually self-explanatory, therefore no block 
diagram was found necessary. 

The reference oscillator (IC1a) is a sim- 
ple RC clock generator whose frequency 
may be finely tuned through preset poten- 
tiometers VR1 and VR2. Preset VR2 is a 
finger-adjust trimmer, which may easily be 


The high frequencies of the reference 
and search oscillators are mixed by 
means of diodes D1 and D2, then two 
further buffers (IClc and IC1d) are 
used to pass the sound to piezo 
transducer WD1. Since these 
buffers operate the trans- 
ducer in push-pull 
fashion, this boosts 
the volume 
considerably. 

A small 5V 
micropower 
regulator, IC2, is 
used mainly to sta- : 
bilise the frequency of the 
two oscillators. In fact, the sta- 
bility of the detector is very good, 
and after initial tuning it is unlikely to 
need any further tuning for a good while. 


IC1f 


40106 


ICle D2 
40106 1N4148 
a k 


*FARADAY 
SHIELD 


Gil 
220p 


SEARCH COIL 


IC2 
x LP2950CZ 
wo1 


3V TO 30V CoM 


ON/OFF 


* 
SEE TEXT 
Bi 


6V 
(2x CR2016) | 


a 


Fig.1. Complete circuit diagram for the EPE Mini Metal Detector. 


adjusted at the edge of the small round 
plastic case. 

The search oscillator (ICI f) is a simple 
LC oscillator, which is very similar in 
appearance to reference oscillator ICla. 
However, in the case of ICIf, resistance is 
replaced with reactance (that is, with 
search coil L1). 

Since L]1 is an inductor, it resists a.c., thus 
causing a delay in the charging and discharg- 
ing of capacitor C2, and an oscillation is set 
up. While in some cases a coil in this position 
could “fry” an i.c. with back-e.m.f., in this 
case both supply voltage and inductance are 
relatively low, so that this is excluded. 

Each of the two oscillators further 
employs a buffer (IC1b and ICle), which 
largely isolates oscillators ICla and ICIf 
from the rest of the circuit, and reduces 
what is called frequency lock — that is, 
the tendency of the two oscillators to 
“lock onto” one another. This makes it 
possible to set the audible beat note (the 
difference frequency) of the EPE Mini 
fairly low. 

Since it is easier for the ear to discern, 
say, a difference between 5OHz and 60Hz 
than between 1050Hz and 1060Hz, this 
aids detection. Capacitor C3 additionally 
helps to reduce frequency lock, and this 
one component increases the overall sensi- 
tivity by some 10%. 
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COMPONENTS 


Resistors See 
R1 4k7 


R2 47k S [© [P 
All 0-125W 5% carbon film TALK 


Potentiometers page 
VR1 10k single-turn cermet 
preset 
VR2 5002 finger-adjust 
single-turn cermet 
preset 


Capacitors 
C1 220p min. axial 
polystyrene 
C2 470p min. axial 
polystyrene 
C3 100p min. axial elect. 10V 


Semiconductors 

D1, D2 1N4148 signal diode 
(2 off) 

IC1 HEF40106BP hex 
Schmitt inverter 

Ic2 LP2950CZ 5V low 
dropout positive 
regulator 


Prototype circuit 
board for the EPE 
Mini Metal Detector. 
Note the i.c. is soldered 

directly to the board. 


The addition of a capacitor across the 
COM and IN terminals of regulator IC1 is 
not strictly necessary, and is omitted here 
for reason of space constraints. The circuit 
consumes just 3mA, so that the specified 
lithium coin cells (2 x CR2016) should last 
more than 24 hours continuous. 


SEARCH COIL 


One of the greatest advantages of b.f.o. 
designs is the ease with which one may 
wind and set the search coil. Use 33s.w.g. 
(about 0-26mm) enamelled copper wire, 
jumble-winding about 100 turns on a cir- 
cular former 30mm in diameter (see pho- 
tographs). A circle of pins may be used for 
the former. These are stuck into a sheet of 
cardboard or softwood, with their heads 
facing slightly outwards. 

Once the coil has been wound, snip 
some narrow strips of insulating tape from 
areel, and slip these under the coil, folding 
them back over the top to hold the coil 
together. Then carefully remove the pins, 
and use long strips of insulating tape to 
tightly bind the coil all round. 


Approx. Cost 
Guidance Only 


£10 


excl. batts & hardware 


Miscellaneous 
WD1 3V-30V piezoelectric 
transducer, low height, 
and diameter less 
than 30mm 
s.p.s.t. sub-min. slider 
switch 
10 metres 33s.w.g. 
(0-26mm) enamelled 
copper wire 
(Pinpointer = 6-5 
metres) 
Bi CR2016 8V lithium cell 
(2 off) 


Printed circuit board (30mm x 20mm) 
available from the EPE PCB Service, code 
396; circular case, size 43mm dia. approx.; 
coin cell battery holder, 3mm thickness x 
20mm min. dia.; cardboard/softwood, pins, 
tin-foil, insulating tape and epoxy glue for 
search coil (L1) and VR1, VR2; connecting 
wire; solder, etc. 


Pinpointer (extras) 

One metre 20mm p.v.c. shaft; 1m twin- 
core screened audio cable; 20mm p.v.c. 
female adapter; 32mm nylon end plug. 
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Search coil “pin guide” former, splayed 
outwards, in a 30mm diameter circle. 


Enamelled copper wire (33s.w.g.) 
“jumble” wound around pin guides. 


Strips of insulating tape used to hold 
coil windings together. 


Taped-up coil and start of the Faraday 
shield; bared wire. 


Next, make the Faraday shield. Bare 
about 60mm of the end of a 150mm length 
of thin single-core wire. Twist the bared 
end around the coil, over the insulating 
tape. Then wind narrow strips of tin-foil 
over this wire and around the coil, com- 
pletely covering all but about 5mm of the 
coil’s circumference (that is, the Faraday 
shield should not quite complete the full 
circle). 

When this is done, use some long strips 
of insulating tape to tightly bind the 
Faraday shield all round. This shield will 
eventually be connected to the OV line. 

Different sized coils may also be tried, 
including a full-sized metal detector coil. 
As a rule of thumb, with every 


Tin-foil Faraday shield, awaiting final 
covering of insulating tape. 


CONSTRUCTION 


The EPE Mini Metal Detector printed 
circuit board (p.c.b.) measures just 20mm 
x 30mm. This board is available from the 
EPE PCB Service, code 396. Instead of 
using solder pins, for off-board wiring, it 
uses small “solder pads” — both to conserve 
space, and to make construction less 
finicky, see Fig.2. 

Use miniature axial capacitors, and the 
smallest (0-125W) resistors, to suit the 
p.c.b. Select a piezo transducer which com- 
bines low height with good sound level, 
with less than 30mm diameter. No dual-in- 
line (d.i.1.) socket is used for IC1, since this 


Coil and sound transducer sited in 
bottom of case. 


could take up as much as 20% of the verti- 
cal space in the case. 

Begin construction by soldering the two 
resistors and two diodes in position on the 
board, observing the correct orientation of 
the diodes. Then solder the three capacitors 
into place, observing the correct orienta- 
tion of electrolytic capacitor C3. 

The soldering of ICI directly onto the 
p.c.b. should be done as quickly as possible, 
so as not to damage it from excessive heat. 
Also, anti-static precautions are important 
(touch your body to earth before touching 
the i.c.). When initial soldering is complete, 
the p.c.b. is mounted upside-down in the 
case, with the copper side facing upwards. 


doubling of the coil’s diameter, 
the number of turns should be 
halved, and vice _ versa. 
Alternatively, adjust the compo- 
nent values of oscillators ICla 
and IC1f. The author successful- 
ly tested coils from 7mm to 4 
metres diameter. 

If the EPE Mini Metal 
Detector is to be used to locate 
small nails and screws, or any 
particularly small items, wind a 
second coil just 15mm dia. with 
about 35 turns. Bind it as 
described above, and add a 
Faraday shield. 

This coil is wired in series 
with the larger coil, with its turns 
pointing in the same direction. Its 
Faraday shield is connected to 
the Faraday shield of the larger 
coil. The addition of this smaller 
coil may necessitate some slight 


rl 
ite 


1-2in (30-5mm) 


ON/OFF 


+ 
TO BATTERY B1 


t Fy ¢ e (2) 
FARADAY f ‘ {e||! 5 
SHIELD 2 t 
--e On C) 
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UNDERSIDE 


rearrangement of components 
within the case. 
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Fig.2. Printed circuit board component layout (enlarged for clarity), interwiring to off-board 
components and full-size copper foil master for the Mini Metal Detector. 
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The author’s preferred version of IC1 
was the HEF40106BP (Philips), with the 
CD40106BCN being a second choice. The 
choice of i.c. does make a significant dif- 
ference to the volume in particular. 


CASING-UP 


The small circular case came from 
Aearo Ltd of Stockport (see Shoptalk). It is 
made as a container for a variety of 
earplugs, and is stocked by many chemists. 
It is particularly useful for its sliding lid, 
which offers up to one-third more vertical 
space if needed. 

Drill a small hole in the case for the piezo 
transducer, and glue the latter in place — see 
coil photos. If the EPE Mini is worn on the 
wrist, this hole will face upwards — that is, 
it will face downwards when searching. 
Contrary to dampening the sound, the 
ground acts as a good sounding-board. 


Finished Detector circuit board. 


It is possible to substitute a crystal ear- 
piece for the piezo transducer WD1, which 
is wired in the same way to pins 5 and 6 of 
IC1. This will give very good volume 
under the worst of listening conditions. 
Now place the coil inside the case — this 
will surround the piezo transducer. 

Check the overall layout inside the case 
— the p.c.b., the on/off slider switch, the 
preset trimmers and the battery holder, and 
cut or drill holes as appropriate. Only a 


small hole is required for preset VR1I, 
which will be adjusted with a screwdriver. 

The peripheral components, including 
regulator IC2, are now soldered to the 
underside copper “solder pads” on the 
p.c.b. Attach presets VR1I and VR2, using 
extra stubs of wire as necessary. Finger- 
adjust preset trimmer VR2 should protrude 
from the side of the case more or less 
where a watch’s winder would be. 

Attach the three leads from the search 
coil, and the two leads from the piezo trans- 
ducer (polarity is not important), and solder 
the switch and the battery holder to the 
p.c.b., carefully observing the correct polar- 
ity of the battery connections. All leads 
should be kept as short as possible. 

With the aid of some Blu-Tack (or Pres- 
Stik) to hold parts in place, use epoxy glue 
to fix the various parts — if necessary one by 
one — inside the case. Some insulation (e.g. 
a piece of card) should be inserted between 
the circuit board and the battery holder to 
prevent any possible short cir- 
cuits. Tape may in some 
instances be slightly conduc- 
tive, and may interfere with the 
operation of the circuit. 

Once soldering and gluing is 
complete, place the lid on the 
case. This may require a little 
cutting to close over slide 

switch S1 and presets VR1 
and VR2. It may be held in 
place with some white insu- 
lating tape. A length of braid- 
ed elastic may be attached to 
the underside of the case to 
serve as a wrist-strap — or if 
you prefer, brackets may be inserted into the 
sides of the case to hold a strap. 

Finally, the EPE Mini could quite easily 
be further reduced in size. For instance, a 
custom, slimline battery holder could be 
made, and surface-mount components used 
(but with a different p.c.b. design). 


SET-UP AND USE 


To set the unit up, turn the finger-adjust 
preset VR2 to its centre position. Keep the 


search coil away from any metal, and 
switch on. 

Using a screwdriver, turn preset VR1 
clockwise and anticlockwise with a 
slow, sweeping motion to find the 
“band” of silence between the two most 
pronounced peaks of sound. There 
should be one such “band” which is 
more obvious than all the others (if, due 
to component tolerances, a clear beat 
note cannot be found, try increasing the 
value of capacitor C1). 

Now, carefully turn finger-adjust preset 
trimmer VR2 clockwise until the detector 
makes a low frequency sound. If you wish 
to detect ferrous metals rather than non- 
ferrous metals, adjust VR2 carefully anti- 
clockwise until the detector emits a low 
frequency sound. 

Sweep a coin across the coil, and the 
beat frequency will rise — in some cases 
markedly. For best results, the search coil 
should be moved s/owly to and fro over the 
ground just skimming its surface. 


PINPOINTER 


LARGER metal detector may not be 
A good at locating a smaller find 
with accuracy. This is where a 
Pinpointer will “snuffle out” the elusive 
piece of metal. Usually such a Pinpointer 
is a luxury, and may cost up to half as 
much as a full-sized metal detector. In this 
case, it should cost no more than a few 
pounds and one or two evenings’ work. 
The author and his son have done much 
metal detecting, and until the Pinpointer 
came along, their method of finding 
smaller items was to reach into the 
excavated earth and hold it under the 
search-coil handful by handful, until an 
excavated item was found. With a 
Pinpointer, things are much easier. 
Without even needing to stoop down, one 
can poke about in the earth until the exca- 
vated item is located. 


Positioning of off-board components inside the case. Note the 
p.c.b. is placed copper-side up, and the lead-off wires are 


soldered to copper pads. 
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Stacking of various components inside the case (bottom-to- 
top) — coil/transducer, circuit board, piece of card and battery 
coin cell holder. 
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Circular case attached to the top end 
of the shaft, via female adaptor. 


Miniaturisation is essential, and the 
Pinpointer is fitted into the end of a rod, or 
shaft, with only minor changes to the cir- 
cuit already described. 


CONSTRUCTION 

Since only small changes are made to 
the EPE Mini Metal Detector to make the 
Pinpointer, only the relevant changes are 
described here. 

The search coil is again wound with 
33s.w.g. (about 0-26mm) enamelled copper 
wire, 100 turns, but its diameter is now 
reduced to 20mm. The rest of the circuit 
construction is the same. 

The Pinpointer is built into the same 
small, flat, circular case as previously. 
However, the search coil is mounted on the 
far end of a p.v.c. shaft, in a 32mm (or 


CONTROL 
BOX 


20mm P.V.C. 


screened audio cable (assuming that the 
shaft is also about Im in length). 

The Faraday shield is taken to the screen, 
and to OV on the p.c.b. The 


FEMALE 
ADAPTER 


I~ 20mm Pv.c. 
SHAFT 


cable may be bound to the top 
of the pinpointer’s shaft with a 
small cable-tie, so that it is not 


« | pulled loose from the p.c.b. 


A length of 20mm p.v.c. pip- 
ing is inserted into the end plug, 
into which clear polyester resin 

is now poured. The coil and the 

end plug are thus bound to the 


Case fixing. 


shaft. At the top end of the 
shaft, the circular case is fitted 
to the top of the p.v.c. shaft with 


SCREENED 
AUDIO CABLE 
(TWIN CORE) 

RUNS UP SHAFT 


a 20mm p.v.c. female adapter. 
The piezo transducer is now 
mounted on the lid of the case — 
that is, above the p.c.b. and the 
battery holder, not below them 
as in the “EPE Mini”. 


SET-UP AND USE 


The Pinpointer is set up and 
operated in the same way as the 
“EPE Mini’. Its coil is slowly 
moved to and fro over a region 


SCREEN 


32mm NYLON COIL 


END PLUG 


Fig.3. Pinpointer mechanical assembly. 


thereabouts) nylon end plug, see pho- 
tographs and Fig.3. It is attached to the 
p.c.b. by means of about | metre twin-core 


Search coil 
mounting. 


of earth (or even poked into it) 
where an elusive piece of metal 
is believed to be. When the 
metal is located, the frequency 
of the beat note changes. 

The author wishes to thank Carl Moreland 
of the USA for recognising that an earlier 
version of this circuit had the potential to be 
miniaturised, thus giving the impetus for 
this article. Carl maintains an interesting 
database of metal detector circuits at 
http://www.thunting.com/geotech. 


with David Barrington 


EPE Mini Metal Detector 

Locating components for the EPE Mini Metal Detector should not prove to 
be too difficult a task. If you wish to use a similar miniature case as used by 
the author, the main problem will be purchasing components that are small 
enough to fit inside the case together with the p.c.b. 

The two miniature preset potentiometers are single-turn cermet types and 
came from RS Components. The “finger-adjust” type is coded 187-292 and 
the other one is coded 187-539. Once again, you can order RS components 
through any bona-fide stockists, including some of our advertisers. You can 
also order direct (credit card only) from RS on & 01536 444079 or on the web 
at rswww.com. A charge will be made for p&p. 

The small circular (43mm dia.) box, which houses all the components, includ- 
ing p.c.b., batteries, sounder and search coil, has a sliding lid and came from 
Aearo Ltd, Acumen Centre, First Avenue, Poynton, Stockport, Cheshire, 
SK12 1FJ (@ 01625 878320 or www.aearo.com). Unfortunately, they only deal 
in bulk orders. However, they have informed us that the box is really intended as 
a container for earplugs and can be purchased, for around £1 (including 
earplugs), from many leading chemist shops; under the brand name Nivea. 

The author's preferred choice of IC1 is the Philips HEF40106BP (RS code 
308-461 — see above), but no doubt most 40106 hex Schmitt inverters will oper- 
ate in this circuit, possibly with some very slight differences in performance. 

The small printed circuit board is available from the EPE PCB Service, 
code 396 (see page 507). The plastic plumbing pieces for the Pinpointer ver- 
sion should be stocked by DIY superstores. 


Practical Radio Circuits — 2 

This month’s offering of Practical Radio Circuits contains a Q-Multiplier 
add-on for last month’s MK484 TRF Receiver, a MW Reflex Radio, plus a 
Wave Trap and a simple Speaker Amplifier. Most of the components for these 
projects should be relatively easy to locate. 

The same polythene dielectric variable tuning capacitor and ferrite coil 
(with additional coupling windings) are used for both receivers. The tuning 
capacitor will normally be found listed as a miniature “transistor radio” type 
and is currently stocked by ESRComponents (@ 0191 251 4363 or 
www.esr.co.uk), code 896-110 and Sherwood Electronics (see ad. on page 
512), code CT9. The ferrite rod for the aerial/tuning coil is listed by Sherwood 
(code FR1) and we note WCN Supplies (@ 023 8066 0700) are offering a 
140mm x 10mm rod, with a coil (unwanted), code 48-259. 

For the 26s.w.g. enamelled copper wire, the author obtained a 50g (20z) 
reel from JAB Electronic Components (@ 0121 682 7045 or 
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www.jabdog.com). We also understand J. Birkett Supplies (@ 01522 
520767) stock 50g reels. Most suppliers only sell “large” reels. 

We have been given two names for the RWR Toko tuning coil used in the 
optional Wave Trap module. They are: JAB Electronic Components, Dept 
EPE, PO Box 5774, Birmingham, B44 8JP (@& 0121 682 7045 or 
www.jabdog.com — they appear to only deal with mail orders) and Sycom, 
Dept EPE, PO Box 148, Leatherhead, Surrey, KT22 9YW (@ 01372 372587 
or www.sycomcomp.co.uk). 

All the printed circuit boards are obtainable from the EPE PCB Service, 
codes as follows: 397 (Q-Multi); 398 (MW Reflex); 399 (Trap) and 400 
(Speaker). 


Low Range Ohmmeter Adaptor Mk2 

Just two items could cause some concern to readers when shopping for 
parts for the Low range Ohmmeter Adaptor Mk2 project. 

The voltage reference type LM85Z-1.20 was ordered from RS 
Components, code 168-9288. They also supplied the OP97 precision 
op.amp, code 652-651. 

You can order RS components through any bona-fide stockists, including 
some of our advertisers. Alternatively, if a local source proves elusive, you can 
order direct (credit card only) from RS on & 01536 444079 or through the 
web at rswww.com. A post and handling charge will be incurred. 

The printed circuit board is available from the EPE PCB Service, code 401 
(see page 507). The multi-turn, side adjust, cermet preset should be an “off- 
the-shelf” item and 18-turn to 25-turn seem to be the most popular. 


Ultimate Egg Timer 

As we are dealing with the kitchen environment when using the completed 
Ultimate Egg Timer, the first of a new selection of Top Tenners, it is most 
important that readers use a metal-cased hermetically sealed non-mercury 
tilt switch in this project. If you have problems finding a “mercury-free” switch, 
one is currently stocked by Maplin (@& 0870 2263 6000 or 
www.maplin.co.uk), code DP50E. 

A suitable IP65 spec. sealed case with a translucent lid, similar to the one 
in the model, is stocked by Rapid Electronics (& 01206 751166 or 
www.rapidelectronics.co.uk), code 30-1428. If you are into colour schemes, 
provided it’s red or blue, you could try one of their completely translucent 
boxes, code 30-3862 (red) or 30-3852 (blue). Since the box is a different size, 
you will, of course, have to rearrange the components inside the box. 

The printed circuit board is available from the EPE PCB Service, code 403 
(see page 507). 


PLEASE TAKE NOTE 
EPE PIC Tutorial V2 — Part 2 (May ’03 Supplement) 
Page 31, Fig.7. The lefthand circuit notations should read top to 
bottom as RBO to RBS. 
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A roundup of the latest Everyday 
News from the world of 


electronics 


TROJAN CYBERWARS 


Could any of us unwittingly launch a new era of cyberwars by accepting 
free download offers? Barry Fox reveals an enemy warplan. 


ieee is warning the computer industry about the threat of Distributed Denial of 
Service attacks on the Internet. DDoS, says Intel, represents a “‘significant threat 
to current society”. We are moving towards a new era of cyberwar, with PC users 


the unwitting foot-soldiers. 

Intel warns that the very nature of the 
Internet, which is open to all and was 
designed to let the military route messages 
through roundabout routes after nuclear 
attack, is its Achilles Heel. The Internet 
will route the DDoS attack traffic through 
so many different paths that the established 
system of relying on human administrators 
to put in filters that block the attack traffic 
will be “overwhelmed”. Automating the 
existing response system puts it at risk of 
being hacked, so that it blocks wanted traf- 
fic. So Intel has been planning a secure 
automated emergency response system that 
cuts humans right out of the loop. 


Malicious Hackers 

Hackers prepare for a DDoS attack by 
sending malicious, virus-like programs to a 
large number of innocent on-line comput- 
ers, for instance in Universities. The pro- 
grams lie dormant and unnoticed until a 
trigger signal is sent. All the programs then 
kick in, sending a mass of messages to one 
targeted computer, such as a military, gov- 
ernment, financial or vital services com- 
puter. The messages all ask for attention at 
the same time and completely swamp the 
target. Because the computers which are 
unwittingly mounting the attack may be all 
round the world, the attack messages hit 
the target from many different routes. 

Early attacks, which came from just one 
or two computers, could be countered by 
the traditional remedy of a human adminis- 
trator for the attacked computer asking the 
administrator of an attacking system to put 
a filter in the router which carries its traffic 
out into the Internet. But if hundreds of 
computers are mounting a “distributed” 
attack this takes far too long. 

The only safe answer, says Intel, is to 
modify the “routers” which send traffic 
over the Internet, usually by the shortest 
route. The routers will then automatically 
respond to an alarm message from an 
attacked computer, describing key features 
of the junk messages which they are direct- 
ing towards the attacked computer. The 
alerted routers then all insert a filter that 
blocks any message that fits the profile. 

Before this is done, warns Intel in a 
recent patent (WO 03/005666), the router 
and attacked computer must exchange 
secure handshakes, using encrypted keys. 
In this way hackers cannot launch attacks 
that stop key computers sending vital 
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messages, by fooling routers into filtering 
them out. Intel’s plan is to exploit the same 
“digital certificates” and public and private 
key encryption systems that are currently 
used to secure money transactions on the 
Internet. 


Industry Fears 

An IT manager working for a major air- 
line told recently what the industry secret- 
ly fears the hackers can do — and may 
already have set in motion. It exploits 
human inquisitiveness and love of anything 
free. 

Anyone who surfs the Internet frequent- 
ly will be familiar with the increasing num- 
ber of pop-up adverts, offering free trial 
software which claims to clean up their 
PC, speed performance or hide evidence of 
visits to adult porn sites. 

“The last thing in the world you should 
do is click ok’, he warns. “You have no 
way of knowing whether the download has 
a hidden payload. It probably won’t be 
detected by anti-virus software, either”. 


At any time in the future the payload can 
spring into action, sending requests for 
information to any Internet server that deals 
direct with the public. Airline reservation 
systems, online banks, email systems, med- 
ical advice and public service sites and 
sales organisations could all collapse. An 
attack on the Domain Name Servers, which 
translate Internet site names into Internet 
Protocol number addresses, could bring the 
whole system to its knees. 


Don’t Trust the Unknown 

Even the most up-to-date antivirus soft- 
ware can only trap known threats. Says 
Graham Cluley, a security specialist with 
antivirus company Sophos, “Antivirus soft- 
ware is looking for what it’s seen before, or 
something like it. It’s not rocket science for 
a hacker to write Trojan software from 
scratch. 

“Companies forbid staff from installing 
software from unknown disks. But they don’t 
tell them that clicking on a download is doing 
the same thing. It’s extraordinary how willing 
people are to download unknown software. 
It’s like giving your car keys to a stranger 
who says he will drive it round the block a 
few times to make it run better”. 


THE CAT’S WHISKERS? 


ALPHA Micro have introduced a new range 
of antennas for home, mobile, fixed, hand 
portable and GPRS use. The company say 
they are offering an unrivalled selection of 
GPS and GSM antennas. Included in the 
range is an ingenious “covert tax disc anten- 
na” that can be discreetly installed behind a 
vehicle’s tax disc allowing the vehicle to take 
advantage of both communication and loca- 
tion services. 

Other offerings include a magnetic mount 
GPS antenna — a discreet externally mount- 
ed device with 3V or 5V d.c. voltage, SMA 
plug and 5M RG174. Stylish “shark-fin’ GPS 
and GSM antennas are also available. Alpha 
also have unobtrusive panel antennas for 
Bluetooth and IEEE802.11, internal and 
external rubber antennas, OMNI and Yagi 
antennas. 

Steve Harris, Alpha’s Special Products 
Division General Manager, enthused “We 
are delighted to launch our new range. 


Alpha Micro prides itself on providing the widest selection at competitive prices with a 


service that is second to none”. 


For more information contact Alpha Micro, Dept EPE, Springfield House, Cranes Road, 
Sherborne St John, Basingstoke, Hants RG24 9LJ. Tel: 01256 851 770. Fax: 01256 851 


771. Web: www.alphamicro.net. 
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QUASAR’S EPE PIC FLASHER 


IN December ’02 we published Steve Challinor’s Versatile PIC Flasher, which was 
very well received by readers, intent on using it as part of their Christmas decora- 


tions (a very praiseworthy installation!). 


Quasar Electronics, regular advertisers with us, have now introduced a kit version 
of it, but with a notable simplification. In the circuit for Kit 3169 the BC337 transis- 
tors and their associated resistors have been replaced by a single driver i.c., type 
ULN2803A. This considerably simplifies the construction and provides greater elec- 
trical robustness for driving numerous I.e.d.s or external miniature low voltage bulbs. 

The design is not only appropriate to Christmas festivities, but to any requirement 
for interesting and colourful ever-changing lighting situations. For instance, it makes 
an ideal decoration for a child’s bedroom ceiling. 

Kit 3169 costs £10.95, including VAT, plus Quasar’s standard postage options. Full 
product details can be found at www.quasarelectronics.com/3169.htm. 

Quasar Electronics Ltd can be contacted at Dept EPE, PO Box 6935, Bishop’s 
Stortford CM23 4WP. Tel: 0870 246 1826. Fax: 0870 460 1045. Email: sales@ 
QuasarElectronics.com. Web: www.QuasarElectronics.com. 


CAPS SKULLDUGGERY 


PASSIVE Components Industry 
Magazine has reported that on 
September 13, 2002 they were informed 
by contacts in Japan that an unusually 
high rate of failures of low-ESR alu- 
minum electrolytic capacitors produced 
in Taiwan had been traced to a problem 
with an aqueous electrolyte that had 
been used throughout the Taiwanese 
electrolytic capacitor industry. 

Reportedly, the problem developed 
after a materials scientist working for 
Rubycon Corporation in Japan left the 
company and began working for another 
in China. The scientist then developed a 
copy of Rubycon P-50 type water-based 
electrolyte, used in low-ESR aluminum 
electrolytic capacitors. Subsequently, 
the scientist’s staff members defected 
with the formula, and began to sell an 
electrolyte at a low price to many of the 
major aluminum electrolytic houses in 
Taiwan. 

It is suggested that the staff members 
who defected with the formula copied 
only the partial formula, and the subse- 
quent electrolyte produced was unstable 
when packaged in a finished aluminum 
capacitor. The instability leads to the 
build-up of excess hydrogen inside the 
aluminum can, which results in either a 
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rupture of the can itself or destruction of 
the rubber end-seal. Either failure is 
potentially catastrophic due to the leak- 
ing electrolyte. 

Total Taiwanese production of alu- 
minum electrolytic capacitors is approx- 
imately 22-5 billion pieces, or 30% of 
the global aluminum electrolytic capaci- 
tor unit shipments. Thus, the failure of 
these Taiwanese aluminum electrolytic 
capacitors could have a major impact on 
the prime industries that consume these 
products, namely computer mother- 
boards and high-speed modems. 

However, depending on the number of 
parts sold and range of buyers, the prob- 
lem may also affect the power supply, 
monitor and game console industries. It 
is important to emphasize, however, that 
the products that have been affected are 
only the low-ESR type aluminum capac- 
itors, which account for less than 20% of 
Taiwan’s aluminum electrolytic capaci- 
tor production volume. 

For the full story as reported by 
Passive Components Industry Magazine, 
from which this edited extract has 
been taken, browse www.nicomp.com/ 
taiwanlowesr.htm. Our thanks to reader 
Martyn Thomas who brought this to our 
attention. 


Faster Screen Reading 


Barry Fox 


DEEP Video Imaging of Hamilton, New 
Zealand, plans to make pop-up menus on 
small screens easier to read (patent WO 
02/089102). The system also helps peo- 
ple read screen text faster. The screen is 
made from two transparent l.c.d.s, one 
over the other, like layers of a sandwich. 
A backlight illuminates them both. A 
background image is displayed on the 
lower screen, and foreground graphics or 
text on the top screen. So menus stand 
out more clearly and animation appears 
in 3D. 

By putting one paragraph of text on the 
top screen, and the next paragraph on the 
lower screen, the reader’s brain “pre-fetch- 
es” text as happens when reading a book. 
The patented system could also let cell- 
phones show 3D images without the 
expense of complex 3D L.c.d.s. 


RF SOLUTIONS CAT 


RF SOLUTIONS newly released 2003 
catalogue is available in both electronic 
and hardcopy formats. With detailed spec- 
ifications of over 500 products that include 
remote controls, radio modems, FM 
modules, RF modules and PIC develop- 
ment kits, it provides a host of useful 
information. 

The extensive choice of radio modules 
available have ranges of just a few metres 
up to 20km. Products range from simple 
key fobs to DIN rail mounted industrial 
rated products and include the ICEPIC 
range of in-circuit emulators for PIC 
applications. 

For more information contact RF 
Solutions Ltd, Dept EPE, Unit 21, Cliffe 
Industrial Estate, South Street, Lewes, 
E.Sussex BN8 6JL. Tel: 01273 898000. 
Fax: 01273 480661. Email: sales @rfsolu- 
tions.co.uk. Web: www.rfsolutions.co.uk. 


AUDIO PARTS 
WEBSITE 


B.K. ELECTRONICS, who have been 
advertising with us since 1980, have just 
launched a_ new _ sister website, 
www.AudioParts.co.uk. The aim of this 
site is to provide an effective and simple 
way of purchasing audio equipment online, 
under clearly define categories. 

A large investment has been put into the 
site, which has a simple to use dropdown 
menu and a Veri Signed secure ordering 
system. Both leading brands and in-house 
manufactured items will be readily avail- 
able. Plans include the introduction of 
high end hifi and home cinema sub 
woofers, both complete and in part form. 
AudioParts will also be supplying Pro 
Cinema loudspeakers and amplifiers, hav- 
ing already supplied over 700 screens for 
national cinemas. 

For more information browse 
www.AudioParts.co.uk or email 
info @audioparts.co.uk (please mention 
EPE when you email!). 
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Regular Clinic 


Why is a 50 ohm connector so called? The answer to this and more, is given in this month’s 
round-up of readers’ electronics-related queries. 


HIS month we hear from a reader con- 

fused about the impedance ratings of 
BNC connectors. Regular reader Gerard 
Gavin writes: 


“T am very interested in Andy Flind’s 
function generator in the March ’03 issue. 
He refers to 50 ohm BNC chassis sockets. 
But what is meant by 50 ohm? Is this a 
built-in series resistance with the centre 
conductor? A 50 ohm shunt across the cen- 
tre conductor and the screened outer? 

Thad a look on the Internet and saw that 
probably the most common BNC connec- 
tors are labelled 50 or 75 ohm. I couldn’t 
find the answer to my query though, and I 
am none the wiser after trying to measure 
one with an ohmmeter!” 


When we connect together components, 
circuit boards or electronic equipment we 
tend to assume that the wiring provides a 
perfect connection (Fig.la). If we think a 
little more we may accept that the wiring 
has some resistance — either in series (usu- 
ally quite small) due to the resistance of the 
conductor, or in parallel due to imperfect 
insulation (usually quite large resistance) 
(Fig.1b). At higher frequencies we proba- 
bly have to include some wiring capaci- 
tance and inductance as well (Fig. 1c). 

If the wire is very long then the signal 
will take a significant time to travel along 
it. However, “lumping” all the components 
together may not provide an accurate pic- 
ture of how the signal behaves. In order to 
model this situation we could use an RLC 
network comprising a long chain of resis- 
tors, inductors and capacitors (Fig. 1d). 

The chain of Rs, Ls and Cs shown 
becomes more accurately defined the 
larger the number of sections we use. 
Ultimately, we can think of the wire as an 
infinite extension of this circuit, at which 
point it becomes better to describe the 
characteristics in terms of resistance, 
capacitance and inductance per unit length. 
But remember that, from the point of view 
of the high-frequency signal, these charac- 
teristics are distributed all along the wire. 
You cannot simply multiply the capaci- 
tance per unit length (e.g. so many 
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picoFarads per metre) by the length to get 
a capacitance value, as the signal is not the 
same at all points on the wire. 

Just characterising the wire’s distrib- 
uted Rs, Ls and Cs isn’t the complete 
story. We also have to think about how 
the signal actually travels down the wire. 
For d.c. or low frequencies we typically 
think of signals being conducted along 
wires in terms of the flow of electrons. 
For high frequencies and long wires, we 
also need to consider the electromagnetic 
fields created by the signal and think of 


them propagating down the wire as a 
wave. 

This is more like the way in which we 
think of radio transmission, except the sig- 
nal is guided down the wire rather than trav- 
elling through free space. When we think of 
wiring in this way we are dealing with what 
are known as (Fig. le). 


We know that radio waves travel through 
a vacuum at the speed of light. In other 
materials, the speed is reduced. Similarly a 
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Fig.1. How complex can a wire get? At high frequencies and for very long wires we 
cannot assume a perfect connection between two subcircuits. Once the length of a 
connection exceeds 10% of the signal wavelength, transmission line theory should be 


considered. At 1MHz, this point is 15 metres. 
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signal on a pair of conductors (a transmis- 
sion line) separated by a vacuum would 
also travel at the speed of light. However, if 
we place some material between them — 
e.g. the central insulation in coaxial cable — 
then the speed of the wave will be reduced. 
For example, using p.v.c. insulation, the 
speed of the wave will be about half of the 
speed of light in a vacuum. 

The speed of light is about 3 x 108 m/s so 
a signal will travel down a Im cable in 
approximately 3-5ns to 7ns, depending on 
the insulator characteristics. A signal with 
a period of about 7ns has a frequency of 
around 150MHz, so for any signals any- 
where near or above this frequency we 
would have to regard our Im cable as a 
transmission line. 

The higher the frequencies that are pre- 
sent, the shorter the distance at which we 
have to use transmission lines to take full 
account of the behaviour of circuits. The 
signals on the circuit boards of PCs and, 
amazingly, even the interconnections in 
high speed i.c.s have to be modelled as 
transmission line by circuit designers. 

As arule of thumb, we have to use trans- 
mission lines rather than basic circuit 
theory when the length of a connection is 
more than about 1/10th the wavelength of 
the signal. The wavelength is given by c/f, 
where c is the speed and fis the frequency. 

For connections with a speed of half light 
speed, this works out as 1-5km at 10kHz, 
15m at IMHz and 15mm at 1GHz. 
Remember, digital signals with sharp 
“square wave’ edges have important fre- 
quency components at much _ higher 
frequencies than the basic repetition rate. 


At a Loss 

Imagine a signal wave travelling down 
an infinitely long, perfectly conducting and 
perfectly insulated (lossless) wire-pair or 
coax cable. If we measured the voltage and 
current at any point on the wave we will 
get the same V// ratio. This is known as the 
characteristic impedance (Z)) of the 
transmission line, and is determined by the 
electromagnetic properties of the materials 
separating the conductors. 

The characteristic impedance is related 
to the electromagnetic wave propagation 
on the line and is not the d.c. resistance as, 
for instance, measured by a multimeter (in 
the ideal case the d.c. resistance is zero). 
The characteristic impedance of free space 
is 377 ohms, and of course, the character- 
istic impedance of a 50 ohm coaxial cable 
is 50 ohms! 


If we have a lossless transmission line it 
turns out (if you do the maths) that the 
characteristic impedance, Zo, is given by 


Zy =f LIC 


where L and C are the inductance and 
capacitance per unit length. The character- 
istic impedance of this perfect transmis- 
sion line is purely resistive, despite the fact 
the line has inductance and capacitance. 
Coax cables are not perfect transmission 
lines, but for most purposes they are close 
enough — the 50 ohms (or 75 ohms) char- 
acteristic impedance is a pure resistance. 


Making Waves 

Next, imagine a narrow channel with 
water in it (like a canal). Create ripples at 
one end of it and they will travel down the 
channel. Imaging the far end is blocked 
with a solid wall. What happens? The rip- 
ples reflect off the wall and travel back up 
the channel, creating “interference” pat- 
terns as they interact with the incoming 
ripples. The same thing happens with elec- 
trical signals in transmission lines. 

Now imagine a wider water channel con- 
necting to a narrower one. This also creates 
reflections and interference, although some 
of the original waves will continue down the 
second channel. In electrical terms this is 
like a mismatch — connecting two cables 
with different characteristic impedances 
will actually cause signal reflections and not 
all of the signal will go straight to the load. 

One interesting point related to this con- 
cerns what happens when you try to mea- 
sure a 50 ohm coax with a meter, which 
understandably our reader did attempt to 
do. If you and your multimeter were fast 
enough you would see a 50 ohm reading 
between the conductors of a open circuit 
cable until the reflected wave got back 
from the end of the cable to the meter 
(probably a few nanoseconds). Of course, a 
multimeter cannot do this, but equipment 
that makes measurements on reflected sig- 
nals in cables is available. The technique is 
called time domain reflectometry and can 
be used to detect faults in long cables. 

Good matching ensures that as much of 
the signal as possible goes to the load 
rather than being reflected back. For this to 
happen, all cables and connectors must 
have the same characteristic impedance 
and source and load impedances must 
match this as well. That is why you need a 
50 ohm BNC connector as well, with a 50 
ohm coax cable. IMB. 


EeeGRROnIcs 
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Normally Open and Closed 
I’m hoping you can give me a clear def- 
inition of “normally open” and “normally 
closed”. My understanding is that a nor- 
mally open switch is normally open until 
activated by force in which case it 
becomes closed. The reason I ask is 
because I have come across an Allen 
Bradley overload relay, which has a nor- 
mally open contact built in, but the nor- 
mally open switch was “closed” until the 
relay tripped, when it opened! 
Scott Rennie (EPE Chat Zone message 
board at www.epemag.wimborne.co.uk). 


Your definition is quite correct, Scott, a 
normally open (n.o.) contact is indeed 
open or “broken” when its actuator (e.g. 
a relay coil) is in the “de-energised” 
state. My Telemecanique Electrical 
Controls data book states: “normally 
closed poles operate in the reverse man- 
ner to normally open poles: with the coil 
de-energised the normally-closed poles 
conduct and when it is energised they do 
not conduct.” 


Fig.2. How the normally open and 
closed poles of a relay are designated. 
The contacts are shown in the “de- 
energised” state. The relay coil, when 
powered, causes the pole to move 
away from the n.c. contact to the n.o. 
contact instead. 


Usually relays have changeover (c/o) 
contacts with a moving terminal called 
the pole, which is the contact that is 
common to both the n.o. and nic. 
circuits. Fig.2 shows the circuit 
schematic symbol for a relay with 
changeover contacts. 

I didn’t find anything in electrical data 
books to show that the naming conven- 
tions for overload relays are the opposite 
from those that we use. I suspect that the 
“closed” normally open switch in your 
overload relay simply indicates that the 
relay is somehow energised in the con- 
trol’s running state, so the n.o. contact 
conducts. Presumably when the overload 
trips, the contact opens again. Reader 
input on this is welcome. ARW. 


NEWSAGENTS ORDER FORM 


Please reserve/deliver a copy of Everyday 
Practical Electronics for me each month 


Everyday Practical Electronics is published on the second Thursday of each month and distributed S.O.R. by COMAG 
Make sure of your copy of EPE each month — cut out or photostat this form, fill it in and hand it to your newsagent. 


Everyday Practical Electronics, July 2003 


463 


Constructional Project 


LOW RANGE 
OHMMETER %& 
ADAPTOR MK2 


LYN JONES 


Improved accuracy when measuring low 


resistance. 


|AKING measurements of low resis- 
| tance components and printed circuit 
board tracks below 10Q is a common 
requirement in electronics. However, most 
digital multimeters are not able to measure 
low resistances accurately as their resolu- 
tion is inadequate. Whilst specialist digital 
meters are available they are normally 
reserved for professional use due to their 
high cost. 


DRAWBACKS 


If an analogue meter is used it is unlike- 
ly that meter resolution would allow accu- 
rate measurements of small resistances. 
Analogue meters require the user to guess 
the value as the needle normally falls 
between scale markings. This is fraught 
with danger, as estimation by eye may not 
be accurate enough, especially as the scale 
is usually not linear. 

Digital meters also have other major 
drawbacks. Most 3! digit meters can only 
display with a resolution of 0-19. The mea- 
surement is rounded up or down inside the 
meter to allow it to be displayed, so the 


actual reading could have a considerable 
measurement error at low resistances. There 
is also an error caused by the test leads, 
which requires a special technique to gain 
accurate low resistance measurements. 


BASIC ADAPTOR 


This article presents an adaptor that can 
be connected to most multimeters to 
enable low resistance readings to be taken. 
The operation of the adaptor is based on 
the circuit previously published in EPE 
September 1995, designed by Steve 
Knight. 

The circuit diagram in Fig.l] is a 
redrawn version of Steve’s original. The 
adaptor passes a known current through 
the resistance under test, which allows a 
voltage reading to be taken across the com- 
ponent. The voltage corresponds to the 
resistance due to Ohm’s Law: 

resistance = voltage across component/ 

known current from 
adaptor 

At the heart of the circuit is a single 
transistor current source, TR1. The current 
through the resistance 
under test depends on 


Bi 
1.5V 


Fig.1. Functional equivalent circuit diagram for the original temperature. 
Low Range Ohmmeter Adaptor of September ’95. 
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a number of factors, 
including the base 
voltage and the emit- 
ter resistance. The 
formula that gives the 
current through the 
UNDER TEST resistor is: 
Current through 
resistor ~ (Base 
voltage — 0-6) / 
Emitter resistor 
(assuming a large 
transistor hFE) 


The original circuit 
has one major draw- 
back in that the cali- 
bration shifts with 
While 
this is acceptable for 


occasional use, it is desirable that any 
measurement instrument is consistent over 
both time and temperature. This is espe- 
cially true when constructors need quick 
measurements when faultfinding circuits 
and do not have time for re-calibrating 
equipment. 

The temperature dependent changes are 
caused by the use of the two diodes to set 
the base voltage of the transistor. Any 
semiconductor device will change its elec- 
trical characteristics with temperature, 
which is a factor that is often used in 
diode-based temperature sensors. It is 
therefore of primary importance that the 
base voltage is kept constant, which was 
the main design consideration for the 
updated circuit. 


ADAPTED ADAPTOR 


The circuit diagram for the Low Range 
Ohmmeter Adaptor Mk2, is shown in 
Fig.2. This has a voltage reference device, 
IC1, to provide a consistent reference volt- 
age of typically 1-26V. This voltage is 
passed into the non-inverting input (pin 3) 
of op.amp IC2. 

The inverting input (pin 2) is fed from 
the emitter of transistor TR1 to form a neg- 
ative feedback loop. This is because the 
characteristics of the transistor also change 
with temperature, including the heating 
effects on its npn junction as the circuit is 
used. 

Note that a precision op.amp has been 
specified due to the temperature stabili- 
ty that render many other op.amps 
(including the 741) unsuitable for this 
application. 

The output (pin 6) of the op.amp is 
connected directly to the base of transis- 
tor TR1. The inclusion of capacitor C2 
helps to improve circuit stability and 
remove unwanted noise that may other- 
wise interfere with the accuracy of the 
adaptor. 

The transistor is configured as an emit- 
ter follower, so the voltage presented at the 
base dictates the emitter voltage. It is 
therefore possible to set the emitter current 
by varying the emitter resistance, which 
consists of preset VR1 and resistor R2. 
This in turn sets the collector current, 
which is the test current. 
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TEST POINTS 

The test points (sockets SK1 and SK2) 
are where the resistance under test is con- 
nected, along with a millivoltmeter or mul- 
timeter that has been set to a suitable 
range. Capacitor Cl and Zener diode D1 
provide a minimal protection against brief 
misconnection and external interference, 
but not to the same extent that a more 
sophisticated or a commercial design 
would require. 

Unlike the original circuit, only one 
range is provided. However, testing resis- 
tances of 10@ or more is possible using 
this adaptor due to the increased power 
supply voltage. 

This circuit is quite current hungry, and 
special care needs to be taken to select a 
good quality alkaline or NiCd/NiMH battery 
or battery pack. For many circumstances a 
OV PP3 battery will be adequate but a pack 
of six AA cells would be more appropriate 
where regular use is anticipated. 


CONSTRUCTION 


Printed circuit board component posi- 
tioning and track layout details are shown 


in Fig.3. This board is available from the 
EPE PCB Service, code 401. 

Start by inserting the smallest compo- 
nents first. Make sure that all semiconduc- 
tors are inserted correctly, using a socket 
for IC2. A heatsink may be fitted to the 
transistor to improve stability and reliabili- 
ty but is not absolutely necessary 

After thoroughly checking the assembly, 
connect the battery, switch and 4mm bind- 
ing posts (SKI, SK2) to the pads provided 
on the p.c.b. It is suggested that the circuit is 
mounted in a plastic case with an internal 
battery compartment. The exact detail is left 
to the preference of individual constructors. 

Apply power to the circuit with preset 
VRI being turned to its highest resistance. 
Check that the current across the test points 
is less than 100mA using an ammeter. If 
not, first check that VR1 is set correctly, 
then inspect the board for faults. 


IN USE 


After the initial testing, the unit must be 
calibrated (see later) but before calibration 
can take place, it is necessary to know how 
the unit would normally be used. 


Rx 


RESISTANCE 
UNDER TEST. 


Fig.2. Full circuit diagram for the Low Range Ohmmeter Adaptor Mk2. 


Swi 


 ———) 


TO BATTERY 


1,38in (35mm) 


The Low Range Ohmmeter Adaptor Mk2 linked to a Digital 


Multimeter. 
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COMPONENTS 


Resistors 
1k 


121% 
(for 
calibration) 
Resistors R1, R2 0-25W 5% 
carbon film or better. 


Potentiometer 
VR1 10 multiturn preset, 
18 turns or better, 
p.c.b. mounting 


Capacitors 
C1, C2 100n ceramic disc, 5mm 


pitch (2 off) 


Semiconductors 
D1 5V1 1-3W Zener diode 
TR1 BFY52 npn 1A transistor 
IC1 LM385Z-1.20 voltage 
reference 
Ic2 OP97 precision op.amp 


Miscellaneous 
S1 push-to-make switch 
SK1, SK2_ 4mm binding post (2 off) 


Printed circuit board, available from 
the EPE PCB Service, code 401; 8-pin 
d.i.l. socket; plastic case to suit; 9V bat- 
tery and clip (see text); heatsink for TR1 
(see text); connecting wire; solder, etc. 


£11 


excl. case & batt. 


Approx. Cost 
Guidance Only 


In essence, the adaptor is very simple to 
use. Simply clamp the resistance under test 
to the binding posts. Plug in a millivolt- 
meter or multimeter to the 4mm sockets in 
the binding posts, press the test switch (S1) 
momentarily and take the voltage reading 
from the meter. 


] TO TEST 
POINTS 


2.3in (58mm) 


Fig.3. Printed circuit board component layout for Mk2 Adaptor. 
A heatsink is required for TR1, see internal photograph. 
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Internal layout of the completed 
Ohmmeter Adaptor. Note TR1 heatsink. 


Each millivolt is equal to 0-1Q. A read- 
ing of 56-3mV would indicate that the 
resistance under test is 0-56Q. Ignore any 
decimal place, as the accuracy of this adap- 
tor and the meter cannot be guaranteed to 
that extent. 

Do not hold down the test button for 
more than a few seconds due to battery 
loading and the effects of the high current 
through the transistor, which will affect the 
stability of the reading. 


CALIBRATION 


There are two methods of calibration, 
the choice depending on the equipment 
that is available. 

The first method is to use a 1Q fixed resis- 
tor, which must have a very tight tolerance 
specification, preferably 1% or better. Simply 
connect the resistor to the adaptor and moni- 
tor the voltage across it. Adjust VR1 until the 
voltage reading shows 100mV. 

The second method depends on the 
availability of an accurate milliammeter. 
Connect the meter across the test points 
in place of the resistor and millivoltmeter 
and adjust VR1 until the current through 
the meter is 100mA. 

Leave the adaptor for about ten min- 
utes and check that the calibration has 
not shifted (caused by the current 
through TR1 heating its npn junction). 
Recalibrate if needed for consistent 
results. 

Owing to the stability of the voltage 
reference and op.amp, this circuit 
should prove to be quite stable and 
give repeatable results independent of 
temperature. The calibration should be 
checked from time to time, like any 
other piece of test equipment, as 
calibration can drift. 

Naturally, the accuracy depends on 
the meter used and the accuracy of 
circuit calibration. 


REMOTE 
MEASUREMENT 


It is often necessary to measure resis- 
tances that are remote from the meter. This 
could be because the resistance will not fit 
into the binding posts or when measuring 
p.c.b. tracks. This adaptor is equally at 
home making remote measurements as 
well as with the resistance under test 
clamped to the binding posts. 

Many people take a reading using nor- 
mal test lead sets then remove the error by 


subtracting the lead resistance (obtained by 
taking a reading with the leads shorted 
together). This is prone to errors and limits 
the reading accuracy. A better approach (as 
used on commercial equipment) is the 
four-wire method, sometimes called 
Kelvin Contacts, which is shown in Fig.4. 


LEAD 
RESISTANCE 


TEST 
CURRENT 


SK2 


LEAD 
RESISTANCE 


Fig.4. The four-wire method of measur- 
ing low resistance. 


With this method, the test current is 
passed from the adaptor through the main set 
of test leads. The two resistors shown in 
Fig.4 represent the lead resistance which 
normally causes errors (note that no addi- 
tional components are placed in the test 
leads). 

If we now add a second pair of test 
points (TP1 and TP2), we may accurately 
take a voltage reading across the resistance 
under test. The voltmeter has a high resis- 
tance, and so we ignore the lead resistance 
on these test contacts. 

The exact accuracy of the design (i.e. 
lower limit) depends simply on the meter 
used. A normal digital meter will be ok 
down to 0-01Q (the display will show 
l-xmV, ignoring the decimal place). A 
more sensitive meter could be used, 
although the author has not tried this. 

This adaptor should be a welcome addi- 
tion to any test kit, providing stable and 
repeatable results, whether or not the 
4-wire test method is used. 
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SO ORDER YOUR COPY NOW! 


%& EPE PIC MET OFFICE *& 
RADIO CIRCUITS - 3 


TOP TENNERS 


Az Ro 


ALARM SYSTEM FAULT FINDER 
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EPE PIC ae 


SIR AL | AA 


RESOURCES ELECTRONICS 
CD-ROM 


A companion to the EPE PIC 
Tutorial V2 series of Supplements ONLY 


(EPE April, May, June 2003) o4 4 45 


Contains the following Tutorial-related INCLUDING 
software and texts: VAT and P&P 


@ EPE PIC Tutorial V2 complete demonstration software, Order on-line from 
John Becker, April, May, June ’03 www.epemag.wimborne.co.uk/shopdoor.htm 


@ PIC Toolkit Mk3 (TK3 hardware construction details), or www.epemag.com (USA §$ prices) 
John Becker, Oct ’01 or by Phone, Fax, Email or Post. 


@ PIC Toolkit TK3 for Windows (software details), John 


Becker, Nov 01 EPE PIC RESOURCES CD-ROM 


Plus these useful texts to help you get the most out of your 
PIC programming: ORDER FORM 


@ How to Use Intelligent L.C.D.s, Julyan llett, Feb/Mar ’97 pisos Send mie Ruaniy) ERE Pip RESOURCES HOM 
@ PIC16F87x Microcontrollers (Review), John Becker, Price £14.45 each — includes postage to anywhere in the world. 
April 99 
@ PIC16F87x Mini Tutorial, John Becker, Oct 99 
@ Using PICs and Keypads, John Becker, Jan ’01 
@ How to Use Graphics L.C.D.s with PICs, John Becker, 
Feb ’01 
@ PIC16F87x Extended Memory (how to use it), 
John Becker, June ’01 
@ PIC to Printer Interfacing (dot-matrix), John Becker, 
July ’01 
@ PIC Magick Musick (use of 40kHz transducers), 
John Becker, Jan ’02 
@ Programming PIC Interrupts, Malcolm Wiles, Mar/Apr ’02 Please charge my Visa/Mastercard/Amex/Diners Club/Switch 
@ Using the PIC’s PCLATH Command, John Waller, 
July ’02 
@ EPE StyloPIC (precision tuning musical notes), 
John Becker, July ’02 
@ Using Square Roots with PICs, Peter Hemsley, Aug '02 (The last 3 digits on or just under 
@ Using TK3 with Windows XP and 2000, Mark Jones, the signature strip) 
Oct ’02 
@ PIC Macros and Computed GOTOs, Malcolm Wiles, Expiry Date 
Jan ’03 


@ Asynchronous Serial Communications (RS-232), 
John Waller, unpublished 


| enclose cheque/P.O./bank draft to the value of £ 
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: eee Wimborne Publishing Ltd. 

2 A 2 

bad ae : oe in the PIC16F877, John Waller, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
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@ Using Serial EEPROMs, Gary Moulton, unpublished Email: orders @epemag.wimborne.co.uk 
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New Technology 


TT. dimensional display technology 
has been a laboratory curiosity and 
never quite taken off — that is until now. 
Sharp has recently announced that its new 
2D-3D display has been adopted for phone 
use by DoCoMo, the Japanese phone com- 
pany and this could change the display 
market significantly for the future. 

With 3G cell phone technology already 
widely used within Japan, this development 
is likely to mean that the new display tech- 
nology will also be widely used. It may 
also herald the adoption of similar displays 
in many other applications from laptops 
and PCs to televisions and many other 
applications. 


The new display technology has 
taken Sharp over a decade to devel- 
op at their European laboratories 
located near Oxford in England. It 
is now being launched and was 
demonstrated at the CEATEC exhi- 
bition in the autumn of 2002 when 
ten displays ranging in size from 
3-5 to 15 inches were exhibited. 

The commercial product is now 
available with small production 
quantities of a few tens of thou- 
sands a month being manufactured. 
This is expected to rise to in excess 
of 500,000 items a month within a 
year from now. With these quanti- 
ties it has been possible to hold the price 
premium of the displays to just 20% above 
that of a normal TFT (twisted fibre tech- 
nology) L.c.d. It is expected that with these 
prices the take-up of the displays should be 
reasonably significant. 

In addition to the hardware itself, Sharp 
has been able to provide a complete sup- 
port package including the driver and other 
software needed for the devices. The com- 
pany reasons that in order to enable equip- 
ment manufacturers to use the product, a 
complete package is required. 

In addition to this Sharp is building 
relationships with thirteen equipment man- 
ufacturers. These include Microsoft, a 
division of Eastman Kodak, Sony, Toshiba, 
Sanyo, Fuji, and Olympus. In this way a 
development consortium can be created to 
enable standards to be set up and support 
provided as required. The number of com- 
panies that are involved indicates the sig- 
nificant level of interest that it has 
generated. 


Viewpoint 
There are two types of stereo display. 
They are known in the industry as stereo- 


scopic and auto-stereoscopic displays. 
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POLARISER 


BACK 
LIGHTING 


The introduction of 83D 1c.d. technology should 
give renewed impetus to the display market, 


predicts lan Poole. 


The stereoscopic variety requires the use 
of a viewing aid such as coloured, polaris- 
ing switching spectacles. These types have 
been reported quite extensively, and some 
experiments have even been carried out on 
television using them. 

However, they have never been likely to 
catch on because of the fact that spectacles 
are always required and they are not con- 
venient to use. A far better option is to have 
a system that is known as auto-stereoscop- 
ic. Here all the stereo capability is includ- 
ed within the display itself. 

Both systems have been known about for 
a considerable time. Even the auto-stereo- 


LIQUID 
CRYSTAL 


POLARISER 


STANDARD 
L.C.D. 
PARALLAX 

BARRIER 


Fig.1. Construction of the Sharp 2D-3D display. 


scopic variety has been known about for 
over 100 years. However the means to 
implement the technology has not been 
viable for many applications until recently. 


In order to create a stereo image it is nec- 
essary to generate and display two separate 
images, one for the left eye and the other 
for the right eye. Both images are viewed 
and the brain combines them in such a way 
that it creates a sense of depth and greater 
reality than using a simple 2D image. 

To achieve this the Sharp system gener- 
ates the two images from a single display 
using highly modified back light and an 
active matrix within the display. This could 
be considered as a parallax generator. 

To realise this the company developed a 
specialised parallax barrier as well as a 
switching device and a polarising film. 
These are placed between the backlight 
and a standard l.c.d. 

The parallax barrier is the secret to the oper- 
ation of the display. It consists of a switching 
liquid crystal, a polarising film, and a poly- 
mer liquid crystal display. These are all held 
together and in turn this assembly is held in 
close contact with a standard l.c.d. panel. 


Light from the specialised backlight 
passes through the first polariser and then 
as it passes through the switching |.c.d. it is 
rotated by 45 degrees. It then passes 
through the retardation film or parallex 
barrier. This has a striped coating and caus- 
es the polarisation of the light to change by 
90 degrees between where the coating is 
present and where it is not, see Fig.1. 

This results in the light being in stripes 
with different polarisations as it enters the 
normal section of the liquid crystal display. 
The slits then alternate between opaque 
and translucent. 

The image is then displayed 
on the I.c.d. such that there are 
two images, one for the left eye 
and one for the right eye. To 
enable the two images to be seen 
by the different path, the light 


RIGHT 


EYE direction is controlled by the 
parallax generator, and accord- 
Be ingly the images are perceived 


as a 3D representation. 

The display has the advantage 
that it can be used in both 3D 
and 2D modes. In 2D mode, the 
slits in the parallax generator of 
which every other one is opaque 
are switched so that they are all 
translucent. This means that the 
display has its full resolution, 
whilst in the 3D mode it has a lower 
horizontal resolution. 

Although displays using a very similar 
principle have been demonstrated before, 
the real innovation of this idea is that the slits 
in the display have been integrated with the 
rest of the assembly so that they are extreme- 
ly close to the pixels of the image display. 
This greatly enhances the resolution of the 
image and allows users to view it at dis- 
tances closer than 30cm whilst still visualis- 
ing a good 3D image. A further advantage is 
that the thinner displays are also brighter. 


Until recently 3D displays had been con- 
sidered to occupy a very niche market. 
Now with their adoption for use with cell 
phones, this may herald their widespread 
use in this and many other applications. 

The phone itself allows users to take and 
receive 2D photos, and then convert them 
into pseudo 3D images with the onboard 
software for the 3D display. 

This application could be yet another 
element that could help to add value to the 
struggling 3G cell phone services and also 
give the impetus required to get 3D imag- 
ing off to a flying start. 
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PIC Training & Development System 


The best place to start learning about microcontrollers is the PIC16F84. This is 
easy to understand and very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family. 

The heart of our system is a real book which lies open on your desk while you 
use your computer to type in the programme and control the hardware. Start with 
four very simple programmes. Run the simulator to see how they work. Test them 
with real hardware. Follow on with a little theory..... 

Our complete PIC training and development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page 
book introducing the PIC16F877 family, and a suite of programmes to run on a 
PC. The module is an advanced design using a 28 pin PIC16F872 to handle the 
timing, programming and voltage switching requirements. The module has two 
ZIF sockets and an 8 pin socket which between them allow most mid range 8, 18, 
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 volt supply. 
The software is an integrated system comprising a text editor, assembler 
disassembler, simulator and programming software. The programming is 
performed at normal 5 volts and then verified with plus and minus 10% applied to 
ensure that the device is programmed with a good margin and not poised on the 
edge of failure. Requires two PP3 batteries which are not supplied. 


NEW 32 bit PC Assembler 


Experimenting with PC Computers with its kit is the 
easiest way ever to learn assembly language 
programming. If you have enough intelligence to 
understand the English language and you can operate 
a PC computer then you have all the necessary 
background knowledge. Flashing LEDs, digital to 
analogue converters, simple oscilloscope, charging 
curves, temperature graphs and audio digitising. 

Kit now supplied with our 32 bit assembler with 84 page 
supplement detailing the new features and including 
7 experiments PC to PIC communication. Flashing 
LEDs, writing to LCD and two way data using 3 wires 
from PC’s parallel port to PIC16F84. 


Book Experimenting with PCs .... 
Kit 1a ‘made up’ with software ... 
Kit 1u ‘unmade’ with software 


C & C++ for the PC 


Experimenting with C & C++ Programmes teaches us to 
programme by using C to drive the simple hardware 
circuits built using the materials supplied in the kit. The 
circuits build up to a storage oscilloscope using 
relatively simple C techniques to construct a 
programme that is by no means simple. When 
approached in this way C is only marginally more 
difficult than BASIC and infinitely more powerful. 
C programmers are always in demand. Ideal for 
absolute beginners and experienced programmers. 


Book Experimenting with C & C++ 
Kit CP2a ‘made up’ with software .... 
Kit CP2u ‘unmade’ with software .. 
Kit CP2t ‘top up’ with software 


The Kits 


The assembler and C & C++ kits contain the prototyping 
board, lead assemblies,components and programming 
software to do all the experiments. The ‘made up’ kits 
are supplied ready to start. The ‘top up’ kit is for readers 
who have already purchased kit 1a or 1u. The kits do 
not include the book. 


Hardware required 


All systems in this advertisement assume you have 
a PC (386 or better) and a printer lead. The experiments 
require no soldering. 


Universal mid range PIC programmer module 
+ Book Experimenting with PIC Microcontrollers 
+ Book Experimenting with the PIC16F877 (2nd edition) 
+ Universal mid range PIC software suite 
+ PIC16F84 and PIC16F872 test PICs... . 
UK Postage and insurance 
(Europe postage & Insurance. . £13.00. 


. . £157.41 
£7.50 
Rest of world. . £24.00) 


Experimenting with PIC Microcontrollers 


This book introduces the PIC16F84 and PIC16C711, and is the easy way 
to get started for anyone who is new to PIC programming. We begin with 
four simple experiments, the first of which is explained over ten and a half 
pages assuming no starting knowledge except the ability to operate a 
PC. Then having gained some practical experience we study the basic 
principles of PIC programming, learn about the 8 bit timer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, sleep mode, beeps and music, including a rendition of 
Beethoven’s Fuir Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and investigating the 
power taken by domestic appliances. In the space of 24 experiments, two 
projects and 56 exercises the book works through from absolute 
beginner to experienced engineer level. 


Ordering Information 


Telephone with Visa, Mastercard or Switch, or send cheque/PO for 
immediate despatch. All prices include VAT if applicable. Postage must be 
added to all orders. UK postage £2.50 per book, £1.00 per kit, maximum 
£7.50. Europe postage £3.50 per book, £1.50 per kit. Rest of World £6.50 per 
book, 2.50 per kit. 

Web site:- www.brunningsoftware.co.uk 


Experimenting with the PIC16F877 


The second PIC book starts with the simplest of experiments to 
give us a basic understanding of the PIC16F877 family. Then we 
look at the 16 bit timer, efficient storage and display of text 
messages, simple frequency counter, use a keypad for numbers, 
letters and security codes, and examine the 10 bit A/D converter. 

The 2nd edition has two new chapters. The PIC16F627 is 
introduced as a low cost PIC16F84. We use the PIC16F627 as 
a step up switching regulator, and to control the speed of a DC 
motor with maximum torque still available. Then we study how to 
use a PIC to switch mains power using an optoisolated triac 
driving a high current triac. 


Mail order address: 


e ‘ 
138 The Street, Little Clacton, Clacton-on-sea, 
Brunning Software Essex, CO16 9LS. Tel 01255 862308 


470 


Everyday Practical Electronics, July 2003 


READOUT 


Email: john.becker @ wimborne.co.uk 
John Becker addresses some 


of the general points readers 
have raised. Have you anything 
interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly. 


WIN A DIGITAL 
MULTIMETER 


A 312 digit pocket-sized |.c.d. multime- 
ter which measures a.c. and d.c. volt- 
age, d.c. current and resistance. It can 
also test diodes and bipolar transistors. 


Every month we will give a Digital 
Multimeter to the author of the best 
Readout letter. 


HATS OFF TO PICRONOS! 

Dear EPE, 

Ihave read with interest in June ’03 issue how 
John Becker has come up with a new clock, 
PICronos, that combines analogue with digital 
while even incorporating a PIC! Wow! I seem to 
remember saying exactly that in my Digilogue 
Clock project published in EPE way back in 
1997. Seems nothing is new eh! But, no sour 
grapes to you John, in fact if I had a hat, I'd take 
it off to you simply for tackling the horrendous 
multiplexing required in such a project. I know, 
I’ve been there! 

Finally, on an aesthetic note, I would have 
opted for large 7-segment displays in the mid- 
dle, as I find discrete ones very hard to decipher 
and difficult to line up during construction. 

Anyway John, keep the designs coming, just 
wish I had the time, it’s been years since I 
programmed a PIC. 

John Scott Paterson (AKA Jasper), 
via email 


How nice to hear from you Jasper! Yes I 
recall your Digilogue Clock and indeed had a 
look to remind me of how you’d done similar. I 
decided though that I wanted mine to be totally 
Le.d.s for the sheer novelty of it, and indeed to 
be close to the design that reader Fernando had 
suggested. 

Yes, multiplexing that lot of l.e.d.s was a chal- 
lenge! Readers have the benefit of better l.e.d. 
spacing than on my prototype — I forgot about 
the rim round L.e.d.s and had fun(?) getting them 
to fit straight in the 7-segs area. The published 
board allows a bit more space between them. All 
the best to you (and do find time to enjoy 
PICing!). 


COLOURFUL PICRONOS 

Dear EPE, 

I am writing to you with a possible thought 
regarding the P/Cronos project in the June ’03 
edition, which I have been eagerly waiting to 
read about and build. 

What I am thinking about is the possibility of 
using bicolour Le.d.s for the 60 inner sec- 
onds/minutes. Then, by setting appropriate logic 
control signals on the row/column matrix (i.e. 
two Is or two Os to turn the L.e.d. off, with 1/0 
for red and 0/1 for green etc.) a green (or red) 
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l.e.d. would then rotate round for the seconds, 
with the hours L.e.d. lit with the opposite colour. 
Please forgive me if what I’m suggesting does 
not make sense or is technically not possible 
without major hardware/software re-design, but 
I think this is an excellent and very interesting 
project. 
Lee Hewitt, 
via email 


Thanks for your comments, Lee. Sadly, it 
would not be possible to use bicolour l.e.d.s with 
this design because of the nature of the multi- 
plexing, which would become prohibitively com- 
plicated to cope with your suggestion (and too 
much for my aching brain’). 

Glad you like the design, and lots of other 
readers do too, as sales of the p.c.b. prove — all 
very satisfying to me! 


P.C.B. PINOUTS FOR L.C.D.S 

Dear EPE, 

Why does John Becker always use the same, 
but unusual, pinout arrangement for l.c.d.s on 
his p.c.b.s? I think it would be good to arrange 
the pins in-line with the I.c.d. connections. That 
way you can just plug it in with a 10-pin 
connector. 

Neil Pagel, 
via email 


Well Neil, the p.c.b. pinouts for l.c.d.s on my 
boards are historical, used first in my PIC 
Tutorial V1 of ’98 when the l.c.d. I was connect- 
ing had its pins in two rows at the left, not in line 
at the bottom. The same arrangement was used 
on the commercial interpretation of my board 
when the Tutorial was enhanced to become 
PICtutor (the forerunner of the current Assembly 
for PICmicro V2 and its Version 2 PICmicro 
MCU Development Board (see advert elsewhere 
in this issue). 

Magenta Electronics arranged manufacture 
of the commercial PICtutor board and sup- 
plied I.c.d.s with connectors to match the pin 
order. I continue to use those same l.c.d. mod- 
ules (of which I have many) and so consistent- 
ly use the same pin order. I agree it’s a pity 
that I did not do Tut V1 board with a different 
order. But I’m stuck with it now, and shall be 
for ever! 


NAMING PICS 

Dear EPE, 

As a regular reader of EPE (from early 1970s 
PE days), [have been a keen follower of the PIC 
projects that have been appearing and gaining in 
popularity since around 1995. With respect to 
the latest EPE PIC Tutorial V2, you hypotheti- 
cally ask “What is a PIC?”. The answer given is 
that it is just a trade name adopted by Microchip 
to cover a family of microcontrollers. 

I remember looking at some early Arizona 
Microchip reference books in which they stated 
that the acronym PIC stands for “Programmable 
Interface Controller”. I am surprised that no one 
from Microchip can remember using this 
acronym. Unfortunately I no longer have the 
data book in which I read this ID data. The book 
described typical applications for the PIC, such 
as replacement circuitry for washing machine 
program control, microwave oven and satellite 
TV box controllers etc. 

Anyway, regardless of what a PIC is, keep up 
the good work producing these interesting arti- 
cles and projects! 

Bill Ellingford, via email 


Thanks for the comments, Bill. In fact the ques- 
tion came up in Readout many years back, and 
various suggestions were made, but when writing 
Tut V2 I did not have the time go through the 
many issues, so I rang Tech at Microchip, who 
gave me the reply I quoted. Certainly your answer 
is one that I find satisfying. I assume MC no 
longer know what it means, and just regard the let- 
ters as their trademark (I believe their full trade- 
mark is actually PICmicro). I also understand that 
G.E.C. were the manufacturers of the first PICs 
and it was they who coined the acronym. 


PASCALITE 

Dear EPE, 

I have no connection, beyond being a happy 
customer, with Control Plus, but I think their 
Pascalite microcontroller might be something 
many of my fellow EPE readers would enjoy. It 
makes using a PIC really easy, and is in the hob- 
byist’s price bracket, too. 

All the software for program development is 
available as a free download, and the download 
includes a simulator. If you go ahead and buy 
the hardware, you don’t have to change the soft- 
ware you’ve already set up. The hardware plugs 
into your PC with a serial cable. Besides the 
ordinary facilities of a PIC, the Pascalite offers a 
temperature sensor, real time clock, and l.c.d. 
modules (you can buy all or none) already inte- 
grated with the device’s software. So, for 
instance, you can put: write (LCD,”’Hello 
World”) in your program to get that on the I.c.d. 

Pascalite also has an [°C interface as standard, 
i.e., it comes ready to be a master on an °C net. 
As I say, I’m only a happy customer. As such 
T’ve set up a few web pages on my own site. For 
an overview go www.arunet.co.uk/tkboyd/ 
elelps.htm. 

For a “Now that you have one” Getting 
Started guide (which you might want to glance 
at, just to see how easy everything would be), go 
http://sheepdogsoftware.co.uk/plh1.htm. 

Tom Boyd, via email 


Thanks Tom. Readers, Tom’s site is worth a 
visit in its own right, www.arunet.co.uk/tkboyd. 
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SUPER MOTION SENSOR 

Dear EPE, 

In the Super Motion Sensor (May ’03), the 
author refers to flicker at 50Hz from lighting in 
the UK and 60Hz in the USA; a common fallacy. 
Fluorescent lights and incandescent lights are 
not polarity sensitive like Le.d.s. The flicker is 
therefore double the supply frequency, 100Hz 
and 120Hz respectively. 

Guy Selby-Lowndes, Billinghurst 


Thank you Guy. You are, of course, quite right 
about the error. We should have spotted it. 


PIC BOARDING 

Dear EPE, 

So glad to see you have covered some info on 
the PIC16F877 in the new PIC Tutorial V2. 

I am confused about the PlCmicro MCU 
Development Board. It appears to have various 
sockets, one looks like it is for the PIC16F877. Is 
this correct, and does your updated P/Cmicro V2 
CD-ROM have much information on this chip? 

T have just bought two of the bare PIC Toolkit 
Mk3 boards. Can I buy one assembled? If not, 
can I buy a kit that has all the parts so I don’t 
have to chase them down? What is the difference 
in the Mk3 board and the MCU Development 
Board? Can I use the latter board for your PIC 
Tutorial V2 course? I am pleased you also cover 
PICs and serial communications via the 
PIC16F877. 

You have opened up a whole new area for me 
with microcontrollers. I have bought and down- 
loaded a lot of information but yours is where I 
really learn. You know so many programming 
tricks. It takes me a while to figure out some of 
them but I have never had assembly until your 
course and development boards. Thanks and 
keep up the good work. You’re the best! 

Anthony Allen, via email 


Thank you Anthony. The big socket is indeed 
for the PICI6F877. No, PIC datasheets are not 
on the CD-ROMs, but they can be download free 
from www.microchip.com. I tried to get 
Microchip’s permission to include them on the 
PIC Resources CD-ROM, but they wanted to 
perform “The Spanish Inquisition” on us in such 
a fashion that we dropped the idea. 

We only sell unpopulated p.c.b.s and do not 
supply components. We have many excellent 
component advertisers who will gladly help you. 

Mk3 is my general purpose board for Toolkit 
TK3 as published in EPE (Oct/Nov ’01). The 
MCU Dev board is a commercial product with 
additional facilities, ready-made, but otherwise 
is similar in concept — it can be used with PIC 
Tutorial V2 but I do not refer to it in my discus- 
sions. Where I make reference to particular pins 
you will need to use just a bit of intelligence to 
match my intentions to the MCU board! 

We have an article on serial interfacing 
between PICs and PCs coming later in the year. 
Joe Farr (of IC Tester fame — Oct ’02) has writ- 
ten the software, and developed a versatile inter- 
face p.c.b. to go with it. I’ve recently been testing 
it all for him and it’s excellent. 

Your kind comments are much appreciated, 
Anthony. Keep up being a nice reader! 


PIC BANKS 

Dear EPE, 

I would like to say how much I appreciated 
John Waller’s article Using the PIC’s PCLATH 
Command (July ’02), and Malcolm Wiles’ PIC 
Macros and Computed GOTOs (Jan ’03). 

However, I am having problems with 
Malcolm’s code in that he assigns his working 
file registers all in Page zero. I am sure his code 
works and the problem is my lack of understand- 
ing. I would like to display the various results in 
his table access but I am having problems 
accessing the ANS file register in other than 
Page 0. Perhaps Malcolm can clear up my 
confusion. 

Please keep up the excellent articles on PICs. 

Royce Simmons, 
via email 
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Malc kindly replied as follows: 

Thank you for your kind comments about my 
recent article. 

First a point about terminology. On the 
PIC16F87x, both program memory and data 
memory are segmented. Microchip documenta- 
tion refers to the program memory segments as 
“Pages”, and the data memory segments as 
“Banks”. For clarity it’s helpful to use this ter- 
minology consistently, as I try to do in the Jan 
°03 article. So when you refer to “data registers 
in Page zero”, it would be less confusing to refer 
instead to “data registers in Bank zero”. 

My Jan ’03 article was mainly about using 
macros to simplify manipulation of the page seg- 
ment register PCLATH when using data tables 
held in program memory. I chose to put all the 
data locations into Bank 0 because that avoided 
complicating the example program with addi- 
tional bank selection code, which would have 
tended to obscure the main points I wanted to 
make. If you want to access data locations in 
other banks, you will need to add the necessary 
bank selection code. 

The example program defines two macros, 
BANKO and BANK 1, to manipulate (part of) the 
bank segment register (physically bits 5 and 6 of 
the STATUS register), but doesn’t actually use 
them. Placed before a data file access, they will 
allow you to address Banks 0 and 1. If you also 
want to address Banks 2 and 3, then these defin- 
itions of BANKO and BANK 1 are not sufficient 
— you would need instead to do something along 
the lines of: 


BANKO macro 
bef 0x03,5 
bef 0x03,6 
endm 

BANKI macro 
bsf 0x03,5 
bef 0x03,6 
endm 

BANK2 = macro 
bef 0x03,5 
bsf 0x03,6 
endm 

BANK3 macro 
bsf 0x03,5 
bsf 0x03,6 
endm 


and use these macros to address the correct data 
bank. Thus in your case, if ANS is in Bank 3, you 
would need to do: 


CALLTAB Tab1,ZERO 
BANK3 
movwf ANS 


and so on. Don’t forget that the bank register will 
stay pointing at Bank 3, so if your offset, disp etc 
data registers are in Bank 0 as mine are, then you 
will need to do BANKO before the next 
CALLTAB (or else modify the definition of 
CALLTAB to do this). 

Malc Wiles, via email 


GET GOOGLING! 

Dear EPE, 

I am battling to source a MOSFET BF981. I 
have tried a number of UK suppliers, but to no 
avail. Have you any idea where it could be 
purchased? 

Barry J. Clarke, 
South Africa 


So sorry, Barry, but we cannot help you direct- 
ly on sourcing components unless they are used 
in our published project designs, in which case 
colleague Dave Barrington goes to great lengths 
to ensure that sources of supply are available, 
giving details of anything unusual through his 
Shoptalk column. 

However, looking at the web via the excellent 
search engine www.google.com, over 500 
entries showed there for the BF981 so I suggest 
you have a browse. It could also be useful to ask 
readers via our Chat Zone (accessed via our 


Home page at www.epemag.wimborne.co.uk) to 
see if anyone knows a source. 

Readers — both lines of enquiry are worth tak- 
ing for all sorts of information. It’s amazing 
what knowledge many of our CZ-ers have. It is 
always a courtesy though, to at least do a bit of 
your own research, via Google for instance, 
before asking others for help. It is an even more 
important courtesy to thank anyone who has 
been able to help you. Sadly, I notice that this is 
not always done. 


HAPPY CAMPING 

Dear EPE, 

I’m trying to learn PICs. I’m just thinking that 
with all the programmers offered and options 
presented, I’ll make a mistake and the wife will 
not be a happy camper. I just have to be com- 
fortable I’m not selecting a piece that I won’t be 
able to use to program another PIC in the future. 
PIC projects needing one programmer module 
per project would be costly if I want to make sev- 
eral of them. 

What do you suggest I purchase in the way of 
programmer setup so I can keep doing projects 
and all I need to do is get new code and a new 
PIC each time? Sounds sorta dumb, given the 
amount of PIC articles, but I see the ads and then 
I get unsure. I want a simple but expandable and 
reusable system in which all I need to do is 
change PICs. 

Dave Mynatt, 
Manchaca, Texas 


Dave, all PIC programmers by their nature 
are reusable, plug in PIC, program PIC, take out 
PIC, use PIC, plug in another PIC for another 
project later, etc. 

You'll find my Toolkit TK3 programmer very 
versatile — and I have been using it for all my 
programs since I wrote it. Build it and enjoy 
happy camping — well happy PICing anyway! 


VERSE AND WORSE! 

Dear EPE, 

I found these “gems” in the November *75 
issue of Radio & Electronics Constructor maga- 
zine in a second-hand bookshop and hope you 
and other EPE readers find them amusing. 


@ When capacitors have a holiday do they go to 
the C-side Faraday? 

@ In 1875 Alexander Graham Bell invented the 
telephone; this was a failure until 1876 when 
he invented the other telephone. 

@ Guide to metrication: 

10 Hertz = 5 bicycles per second 

10 millipedes = 1 centipede 

10 decimals = 1 mal 

10!2 pins = | terrapin 

Millicent = Hector 

Centigram = unit for weighing rose petals 

@ Transistors? They’re as easy as E-B-C. 

@ Dud f-e.t.s — money down the drain. 

@ A meter takes a sample 
And shows if the current is ample 
It also shows up faults 
By measuring the volts 

®@ Soot all over the bench! It came out of the 
sweep generator. 

@ Cat’s whiskers — are they made of mu-metal? 

®@ Guide to technical terms: 

Portable — it has a handle on it 
Hi-Fi/Stereo — it has two loudspeakers 

@ [ don’t like the explanation about how transis- 
tors work. It’s full of holes. 

@ Cheap alternative to the videocassette 
recorder — wait three months then turn the set 
on again. 


PS. I’m currently in my final year at Sussex 
University, reading Electrical & Electronic 
Engineering (BEng). 

Jonathan Grainger, 
via email 


Splendid, Jonathan! Astonishing what reading 
up for BEng reveals — may you pass with 
Honours! 
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PRACTICAL 


RADIO CIRCUITS 


RAYMOND HAIGH 


Part 2: Regeneration, Q-Multiplier, Reflex Radio and a Speaker Amp. 


Dispelling the mysteries of Radio. Features a variety of 
practical circuits for the set builder and experimenter. 


fundamental principles and_ early 

history of radio, and detailed the con- 
struction of a TRF (tuned radio frequency) 
receiver. Its selectivity and sensitivity are 
barely adequate and, this month, a simple 
add-on unit that will transform its perfor- 
mance is described. 

Also included is an alternative circuit 
for a simple medium wave portable radio. 
But first, some historical background. 


AUDION 


The invention of the triode valve, by Lee 
de Forest, in 1906, made available, for the 
first time, a means of amplifying radio fre- 
quency signals. 

These early valves were only partially 
evacuated (soft), hand made, and extreme- 
ly expensive. Their operation was not com- 
pletely understood, and they were used, 
initially, as detectors and audio frequency 
amplifiers. 

Lee de Forest called his invention the 
Audion. It was only later that Eccles, of flip- 
flop fame, described the device as a triode. 


SERENDIPITY 


In 1913, whilst experimenting with a tri- 
ode detector, Edwin Howard Armstrong 
realized that radio frequencies were pre- 
sent at the anode (plate in the USA) or out- 
put port of the valve. He connected a sec- 
ond tuning coil in the output circuit and 
noticed a dramatic rise in receiver sensitiv- 
ity when he brought it closer to the grid 
tuning coil. When the coils were very 
close, the circuit began to oscillate. 

He had, almost by accident, discovered 
the regenerative detector and valve oscilla- 
tor. He patented the circuit in October 
1913, two months before his twenty-third 
birthday. 

Lee de Forest, Alexander Meissner, 
Irving Langmuir, C. S$. Franklin and others 
made similar discoveries, and there was 
much patent litigation. In 1921, the 
Columbia Court of Appeals gave judge- 
ment to Lee de Forest on the basis of a 
legal technicality. It is widely accepted, 


] N Part One, last month, we looked at the 
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however, that the credit, at least for the 
regenerative receiver, is Armstrong's. 


BREAKTHROUGH 


Armstrong's discoveries made reliable, 
long distance radio communication a pos- 
sibility. The valve oscillator eventually 
formed the basis of powerful transmitters 
capable of operating at higher frequencies 
than those attained hitherto. 

His regenerative circuit provided a sim- 
ple and inexpensive means of greatly 
increasing receiver sensitivity and selectiv- 
ity. It remained the most popular receiving 
system until the superhet (another inven- 
tion of Armstrong's) achieved dominance 
during the 1930s. 


MAGNIFICATION 


In Part One we touched on the signal 
magnifying effect of a resonant tuned 


circuit formed by combining an inductor 
(coil) and a capacitor. It will be recalled 
that magnification is limited mainly by 
resistive and other losses in the coil. 

If losses are kept low, the coil is said to 
have a high Q factor. With careful design 
and construction, Q factors in excess of 
100 are not difficult to achieve. However, 
when the coil is connected into circuit, the 
loading or damping effect of valves, tran- 
sistors and other components reduces its Q 
significantly. 

If a signal at the resonant frequency is 
applied to the coil and capacitor combina- 
tion, its voltage will be increased in pro- 
portion to the Q factor. Thus, with a Q of 
100, a [mV signal will be magnified to 
100mV or 0-1V. Off-resonance signals 
are not magnified in this way, and the 
greater the Q the more selective the tuned 
circuit. 


Completed circuit boards for the following (left to right, clockwise): MK484 TRF 
Receiver (Pt 1 — June ’03), Headphone Amplifier (Pt 1 — June ’03), Speaker 
Amplifier (this issue) and Q-Multiplier (this issue). 
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REGENERATION 


By progressively feeding back energy to 
the tuned circuit in phase with the incom- 
ing signal, i.e. positive feedback, the resis- 
tive and other losses in the coil are gradu- 
ally overcome and very high Q factors can 
be achieved. As the positive feedback is 
increased beyond the point where the loss- 
es are eliminated, the circuit begins to 
oscillate. 

Armstrong found that feedback, or 
regeneration as it came to be known, 
increases the strength of weak signals by a 
factor of 1000 or more and, because the 
increase is due wholly to the dramatic rise 
in tuned circuit Q, there is also a big 
improvement in selectivity. 


Regeneration enhances weak signals 
more than strong ones, and the system 
exhibits an a.g.c. (automatic gain control) 
action. In practice, however, the effect is 
not pronounced, and there is a much 
greater range of output levels than is the 
case with a superhet receiver with conven- 
tional a.g.c. circuitry. 


DRAWBACKS 


Regenerative receivers are easily 
swamped by powerful signals (the tuning 
tends to lock onto strong carriers), and 
their sharply peaked selectivity curve 
attenuates the higher audio frequencies. 
Overloading by strong signals can, howev- 
er, be avoided by fitting a simple input 
attenuator, and some top cutting is not too 


high a price to pay for a big improvement 
in selectivity. 

Skill is required of the operator if high 
performance is to be achieved. The regen- 
eration control has to be carefully set to 
bring up weak signals, and the input level 
adjusted to prevent overload. This, more 
than anything else, brought about the grad- 
ual demise of the system after Armstrong 
invented the superhet, with its more user- 
friendly controls, in 1918. 

Like the author, readers will no doubt be 
keen to get high performance at the lowest 
possible cost, and a regenerative receiver is as 
close as it comes in the field of radio and elec- 
tronics to getting something for nothing. A 
number of modern examples of the technique 
will, therefore, be included in the series. 


SIMPLE Q-MULTIPLIER 


Improve the performance of last month's 


MK484 TRF Receiver 
Q-MULTIPLIER 


By applying regeneration, or Q multipli- 
cation, to its ferrite loop aerial, the perfor- 
mance of the MK484 TRF Receiver 
described last month can be dramatically 
improved. Levels of sensitivity and selec- 
tivity approaching those of a domestic 
superhet can be achieved. Because of the 
small voltages developed across the loop 
aerial, swamping by strong signals is not 
normally a problem, especially if the fer- 
rite rod is rotated for minimum pick-up, as 
described last month. 

The circuit diagram of the simple 
add-on Q-Multiplier unit is given in 
Fig.2.1 where L1 is the receiver's ferrite 
loop aerial, and field effect transistor, 
TRI, provides the radio frequency 
amplification needed for the multiplying 
process. 

Amplification, and hence the level of 
feedback, is controlled by potentiometer 
VRI1, which varies the voltage on the drain 
(d) of transistor TR1. Bypass capacitor C1 
eliminates potentiometer noise. 


TR1 


2N3819 
FERRIT| 


2N3819 


| 
m 


sgd 


Fig.2.1 (above). Circuit diagram for the simple add-on 
Q-Multiplier for the MK484 TRF Receiver. (Tuning coil L1 


was covered last month.) 


Fig.2.2 (right). Printed circuit board component layout, wiring 
and full-size copper foil master for the Q-Multiplier. 
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r 
THESE COMPONENTS 


The received signal is taken from the 
tuned circuit via d.c. blocking capacitor C3 
(biasing puts a positive voltage on the 
input pin of the MK48é4 radio i.c.), and R2 
is TR1’s gate (g) bias resistor. Source (s) 
bias is developed across resistor R1, which 
is bypassed, at radio frequencies, by 
capacitor C2. 

The circuit is configured as a Hartley 
oscillator with feedback from the source of 
TRI being coupled to the tuned circuit by 
coil L2. This is two turns of plastic insu- 
lated hook-up wire wound over the 
“earthy” end of tuning coil L1. If the feed- 
back coil L2 is wound in the same direc- 
tion as the tuning coil, the correct connec- 
tions for Q-enhancing positive feedback 
are as shown in Fig.2.2. 


CONSTRUCTION 


With the exception of the Regeneration 
control, VR1, all of the components are 
mounted on the small 
printed circuit board 
as illustrated in 
Fig.2.2. A full-size 


‘Q' MULTIPLIER 


TO 9V+ VIA 
R7 ON RADIO P.C.B. 


ON MK484 RADIO P.C.B. 
(PART 1) 


L2, TWO TURNS OF PLASTIC INSULATED 
HOOKUP WIRE. ALL TURNS WOUND IN 
THE SAME DIRECTION. 


copper track master is also included. This 
board is available from the EPE PCB 
Service, code 397. 

Commence construction by mounting 
the resistors and capacitors on the board 
first and the transistor TRI last. It is good 
practice to clip a miniature crocodile clip 
onto the leads of field effect devices to act 
as a heat shunt whilst they are being sol- 
dered into position. 

Terminal pins, inserted at the board 
lead-out points, will simplify the task of 
off-board wiring, details of which are also 
given in Fig.2.2. Locate the multiplier 
p.c.b. close to the receiver's ferrite loop 
aerial in order to keep the leads to coil L2 
reasonably short; no more than two or 
three inches (50mm to 75mm). 


-V TO9V 
+Vv BATTERY 


TO MK484 
RECEIVER 
(PART1) 


TO PIN2 
OF MK484 
RECEIVER I.C. 


2 © 


1-0in (25-4mm) 


1-2in (30-5mm) 
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COMPONENTS 


Q-MULTIPLIER 


Resistors 


All 0-25 5% carbon film 


Potentiometers 
VR1 10k rotary carbon, lin. 


Capacitors 


C1 1u radial elec. 16V 
C2 100n disc ceramic 
C3 22p disc ceramic 


Semiconductors 
TR1 


Miscellaneous 
L1/L2 


connecting wire; solder pins; solder etc. 


SETTING UP 


Check the p.c.b. for poor soldered joints 
and bridged copper tracks, and check the 
orientation of TRI and electrolytic capaci- 
tor Cl. If all is in order, connect the “hot” 
end of VR1 to the receiver's power supply. 

Tune in a weak station on the receiver 
and advance VRI. Perceived signal 
strength will greatly increase, and receiver 
tuning may have to be adjusted slightly 
because of the improved selectivity. 

Weak signals, formerly below the sensi- 
tivity threshold of the MK484 i.c., can now 
be made clearly audible. Maximum sensi- 
tivity and selectivity are obtained with VRI 
set close to the onset of oscillation, when 
current consumption of the Q-Multiplier 
will be approximately 1mA. 

The unit should go into oscillation when 
VRI is approaching its maximum setting. 
If difficulty is encountered with receivers 
that have a lower supply voltage, increase 
the number of turns on L2 and/or reduce 
the value of resistor R1. Conversely, if the 
action is too vigorous, connect a fixed 
resistor of, say, 10 kilohms in series with 
VRI and/or increase the value of R1. 

Other than the need to connect L2 in the 
correct sense for positive feedback, the cir- 
cuit is not critical and very easy to set up. 


OTHER RECEIVERS 

Problems of alignment will be encoun- 
tered if this Q-Multiplier is used with 
superhet receivers. The ganged tuning 
stages (aerial and oscillator) of a superhet 
cannot be maintained in perfect alignment 
over the full swing of the tuning capacitor. 
(When correctly adjusted, alignment is per- 
fect at three points on the dial). 

This inherent defect is unnoticeable with 
broadly tuned ferrite loop aerials of normal 
Q. However, loop tuning becomes 
extremely sharp when Q is increased, and 
the misalignment is then very apparent. 

Experienced constructors who have a 
domestic portable they are not afraid of 
modifying can overcome this by disconnect- 
ing the set's aerial trimmer capacitor (or 
turning an integral trimmer to minimum 
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Approx. Cost 
Guidance Only 
excl. case & ‘phones 


2N3819 field effect transistor 
ferrite loop aerial (last month), with the addition of 
two turns of plastic-covered wire — see text 


Printed circuit board available from the EPE PCB Service, 
code 397; plastic case, size and type to choice; control knob; 


£6 


Oo 
+9V 


C6 
Bc549Cc_~=—s: 10n 


capacitance) and 
substituting a 25pF 
variable capacitor 
as a front panel 
control. By this 
means the align- 
ment or tracking of 
the receiver can be 
continuously 
adjusted. Some 
repositioning of the coil on the receiver's 
ferrite rod may also be necessary. 


HEADPHONE 
LISTENING 


The boost in performance given by the 
add-on Q-Multiplier eliminates the need 
for the single transistor headphone amplifi- 
er described last month. A circuit for con- 
necting Walkman type ’phones directly to 
the radio p.c.b. is given in Fig.2.3, where 
TRI is the audio amplifier following the 
MK484 radio i.c. used in last month’s TRF 
Receiver, and VRI is a potentiometer con- 
nected in place of the original collector 
load resistor RS. 

Details of the wiring between the receiv- 
er p.c.b., the potentiometer and the jack 
socket are shown in Fig.2.4. 


VOLUME 


CONNECT OUTPUT TO TIP 
AND RING OF HEADPHONE 
SOCKET TO GIVE 64 OHMS 
IMPEDANCE WITH 32 OHM 
HEADPHONES. (SHANK NOT 
CONNECTED) 


Fig.2.3. Circuit modifications for connecting headphones to last 
month’s TRF Receiver. The front-end Q-Multiplier must be 
included to ensure sufficient output — see text. 


R5 AND C9 CAN BE 
DELETED IN THIS 
APPLICATION. (SEE 
PART 1 FOR CIRCUIT) 


JACK SOCKET TO 
SUIT HEADPHONES 
EARPIECES IN SERIES 
FOR 649 


TO BATTERY +V 
TO BATTERY-VE VIA S1B 


LINK IN PLACE OF C9 


Fig.2.4. Interwiring details to enable 
headphone use. 


Completed prototype of the speaker version of the MK484 TRF Receiver, with 


Q-Multiplier and Speaker Amplifier p.c.b.s. 
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MW REFLEX RADIO 


A 60's style, low-cost, easy- 
build medium wave portable 


REFLEXING 


The high cost of valves in the early days 
of radio led designers to contrive ways of 
using them twice, first as radio frequency 
amplifiers and then, after the signal had 
been demodulated, as amplifiers of the 
recovered audio frequency signal. 

This technique, known as reflexing, was 
adopted again when transistors were first 
introduced in the 1950s. At that time, 
devices with a modest specification cost 
the present day equivalent of £10 ($15) or 
more, and there was the same incentive to 
use them twice. 

Although the cost of transistors has 
plummeted, some of the reflex designs 
developed during the 1960s combined sim- 
plicity with good performance, and they 
are well worth a second look. 

In 1964, Sir Douglas Hall published the 
first transistor reflex circuit in which 
impedances along the signal path were 
roughly matched. It was subsequently 
reworked by G. W. Short and others, 
including the author, and the version given 
here uses current production transistors 
and components. It also incorporates a 
smooth and effective regeneration control 
and an optional circuit for preventing 
strong-signal overload. 


REFLEX RECEIVER 

The circuit diagram for the MW Reflex 
Radio is given in Fig.2.5. Coil LI is a fer- 
rite loop aerial tuned by variable capacitor 
VC1. If desired, an additional capacitor, 


C1 AND C2 COMBINE TO GIVE 
ANON-STANDARD CAPACITOR 
VALUE (1000p + 100p = 1100p) 
REQUIRED TO TUNE L1 TO BBC 
RADIO 4 ON LONG WAVE BAND 
(198KHz). SEE TEXT 


‘TWISTED WIRE’ 
100p CAPACITOR, C5 
(SEE TEXT) 


POLE 


L3/L4 
RWR 331208NO 


made up of Cl and 

C2, can be switched 
across the coil by S1a to 
tune it to Radio 4 on the 
Long Wave band. This 
arrangement works well in 
areas where the transmission 
can be received at reasonable 
strength. 

Coupling winding L2 matches the low 
impedance presented by the base (b) of 
transistor TRI to the tuned circuit. 
Potentiometer VR1 controls the gain of the 
circuit at radio frequencies and acts as the 
Q-Multiplier or regeneration control. 

Transistor TR1 functions as a grounded 
emitter stage at both radio and audio fre- 
quencies, with the amplified signals being 
developed across collector (c) load resistor 
R1. 

Transistor TR2 is configured as an emit- 
ter follower buffer at radio frequencies, the 
output being developed across radio fre- 
quency (r.f.) choke LS. The relatively high 
impedance at the base of TR2, in this 
mode, optimizes signal transfer from the 
collector of TR1, whilst the low emitter 
impedance is a reasonable match for detec- 
tor diode D1. 

The demodulated signal is fed back to 
the base of TR1, via coupling coil L2, for 
further amplification at audio frequency. 
Residual radio frequencies are removed by 
capacitor C4. 

Output from the collector (c) of TR1 
is directly coupled to the base (b) of 
TR2, which functions as a common 


BC549C 


TR1 


BC549C, 


OPTIONAL WAVE TRAP. ONLY 
ONLY REQUIRED IF RECEIVER 

IS SWAMPED BY A POWERFUL 
LOCAL TRANSMITTER. (SEE TEXT) 


REGEN. 


emitter 
amplifier at 
audio frequen- 
cies. Emitter bias is 
provided by resistor R3 
which is bypassed by capacitor 
C8. 

Audio output is developed across col- 
lector load resistor R2 and is coupled to the 
Volume control by d.c. blocking capacitor 
C10. Radio frequencies are removed from 
the audio signal path by the shunting action 
of capacitor C9. 

Power is connected to the circuit via 
switch Slb, and a low current l.e.d., D2, 
with its dropping resistor R5, act as an 
optional On indicator. Readers may wish to 
connect the tuner and a power amplifier to 
the same battery, and the necessary supply 
line decoupling is provided by resistor R4 
and capacitor C11. 


FEEDBACK 


Connecting the collector of TR1 to the 
“hot” end of the tuning coil L1, via capac- 
itors C5 and C6, provides the positive feed- 
back needed for the Q multiplying process. 
In order to keep the feedback at the correct 
level, the capacitors must have a very low 
value, and C5 comprises about 6mm 
(4in.) lengths of plastic covered hook-up 
wire twisted together. 

Low value ceramic capacitor C6 is 
placed in series with C5 so that the twisted 
wires can have a reasonable length. Shunt 
capacitor C7 improves the action of VRI, 
the Regeneration or Q-Multiplier control. 


Fig.2.5. Circuit diagram for the MW Reflex Radio. Provision is provided for one preset longwave station - BBC Radio 4. 
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Table 2.1: Wave Wrap Tuning Ranges with Standard 


Value Capacitors 


Capacitor Frequency (kHz) Frequency (kHz) 
Value pF (core fully In) (core fully Out) 
33 1300 1700 
47 1100 1400 
68 900 1200 
82 820 1100 
100 740 1000 
120 680 900 
150 600 800 
180 550 700 
220 500 650 
Notes: 


(1) The above tuning ranges are obtained with a Toko type 


RWR331208 tuning coil 


(2) Use polystyrene or “low k” ceramic capacitors 


SWAMPING 


Since the 1960s, often powerful local 
stations have proliferated on the medium 
wave band and they tend to swamp these 
simple receivers. (The author lives almost 
in the shadow of a transmitter mast, and the 
radiated energy is strong enough to badly 
overload domestic superhets.) 

Other readers may be affected in this 
way, and the simple tuned circuit formed 
by L3 and C3 is included to attenuate the 
offending signal. The device is known as a 
Wave Trap. 

The tuned circuit takes more than one 
form and the principles are discussed later. 
The value of trap tuning capacitor C3 must 
be selected so that the adjustable core of 
the coil can be set to the frequency of the 
offending station. Table 2.1 gives a range 
of values for the medium wave band. 

Coupling winding L4 matches the high 
impedance trap to the low impedance 
circuit formed by L2, VRI1 and _ the 
base/emitter junction of TRI. 


CONSTRUCTION 


Most of the components for the MW 
Reflex Radio are mounted on a small 
printed circuit board. The component side 
of the board and the off-board wiring 
together with a full-size copper track mas- 
ter are illustrated in Fig.2.6. The board is 
available from the EPE PCB Service, 
code 398. 

Solder the resistors and r.f. choke L5 in 
place first, then the capacitors and, finally, 
the semiconductors. Germanium diodes 
can be damaged by excessive heat during 
soldering, and the leads of diode D1 
should, therefore, be long enough to 
permit the attachment of a miniature 
crocodile clip to act as a heat shunt. The 
dropping resistor for the optional on/off 
indicator l.e.d., D2, is not mounted on the 
p.c.b. 

With very compact receivers, it is possi- 
ble for radio frequency choke LS to inter- 
act with the ferrite loop, L1, and produce 
unwanted feedback (some designs use this 
as a means of providing preset regenera- 
tion). Assuming that the p.c.b. will be 
mounted in the same plane as the loop aer- 
ial (it invariably is), the choke should be 
mounted vertically on the board to avoid 
this problem. Miniature radio frequency 
chokes look like, and are colour coded in 
the same way as, resistors, the code giving 
the value in microhenries (1000uH = 
1mH). 
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Interior of the headphone version of the MW Reflex Radio 
showing the wave trap, receiver and headhone amp p.c.b.s. 


SECURE ENDS OF 
WINDINGS WITH 
STRIPS OF MASKING 


TO 
WAVE TRAP BATTERY 


P.C.B. (SEE 


AUDIO OUTPUT 
'LIVE' LEAD 


AUDIO OUTPUT 
"EARTHY' LEAD 


SCREEN THESE LEADS IF 
LONGER THAN 75mm (3in) 


FERRITE LOOP AERIAL 
L1 — 100 turns 26s.w.g. (25a.w.g.) on 13mm 
(in.) dia. former around 9mm (3in.) x 
100mm (4in.) long ferrite rod. Former 
thin card wound around rod and glued. 


1-6in (406mm) 


L2— 10 turns 26s.w.g. on strip of card 
wrapped around “earthy” end of L1. All 
turns wound in same direction. 


Fig.2.6. Printed circuit board component layout, interwiring and full-size copper foil 
master for the MW Reflex Radio. Ferrite loop aerial construction was covered in 
Part 1. The Wave Trap is only needed where a local transmitter swamps the receiv- 
er. Connect VR1 directly across L2 when the trap is not wanted. 
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Author's head- 
phone version of 
the MW Reflex 
Radio. 


REFLEX RADIO 
Resistors 


R1,R2,  4k7 (2 off) See 


6802 SFIOP 


1002 


3k9Q TALK 


All 0-25W 5% carbon film page 


Potentiometers 
VR1 4k7 rotary carbon, lin. 
VR2 4k7 rotary carbon, log. 


Capacitors 
C1 1000p polystyrene 
(see text) 
100p polystyrene 
(see text) 
see Table 2.1, only 
required if using Wave 
Trap 
10n disc ceramic(2 off) 
twisted wires (see text) 
2p2 disc ceramic (2 off) 
47u radial elect. 16V 
1u radial elect. 16V 
100u radial elect 16V 
5p to 140p (minimum), 
polythene dielectric 
variable capacitor 


Semiconductors 
D1 OA47 germanium diode 
D2 low current (2mA) l.e.d. 
TR1,TR2 BC549C npn small 
signal transistors 
(2 off) 


Miscellaneous 
L1/L2 ferrite loop aerial: 100mm 
4in.) x 9mm/10mm 
/sin.) dia. ferrite rod 
with coil (see text) 


L3/L4 tuning coil, Toko RWR 
331208 (only required 
if Wave Trap fitted) 

S1 d.p.d.t. centre-off toggle 
switch (see text) 


Printed circuit board available from the 
EPE PCB Service, code 398; plastic 
case, size and type to choice plastic con- 
trol knob (3 off); 50g (20z) reel of 
26s.w.g. (25a.w.g.) enamelled copper 
wire, for tuning coil; card and glue for coil 
former; |.e.d. holder; connecting wire; 9V 
battery and clip; stand-off pillars; solder 


pins; solder etc. 
£12 


Approx. Cost 
Guidance Only 
excl. case, wire & batt. 
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Again, solder pins inserted at the lead- 
out points will simplify off-board wiring. 
Readers who do not require the Wave Trap 
should, of course, connect coupling coil L2 
directly to the “hot” end of VR1. 


LOOP AERIAL 

The loop aerial is the same as the one 
used in the MK484 TRF Receiver 
described last month, but with the addition 
of a ten turn base coupling winding, L2. 

A strip of card or masking tape, wound 
over the “earthy” or start end of L1, will 
make it easier to add the coupling coil. The 
base winding of L2 must be connected in 
the correct sense to ensure positive feed- 
back, and full details are given in Fig.2.6. 


SETTING UP 


Check the completed p.c.b. for poor sol- 
dered joints and bridged tracks, check the 
orientation of the semiconductors and elec- 
trolytic capacitors, and make sure the off- 
board wiring has been correctly routed. 

If all is in order, connect the board to a 
9V battery. Current consumption, without 
l.e.d. D2, should be around 3mA. 

Connect the Reflex Radio p.c.b. to the 
Headphone Amplifier described last month 
or the Speaker Amplifier described later. 
Switch on and tune in a weak signal at the 
low frequency end of the medium wave 
band and advance Regen. control VRI. 

Signal strength should increase dramati- 
cally. If it does not, reverse the connections 
to L2. The circuit should begin to oscillate (a 
hiss in the speaker) when VR1 is close to its 
maximum setting. If the Q-Multiplier action 
is too fierce, untwist capacitor C5 a little. 


Completed speaker version of the MW Reflex Radio. 


If the Wave Trap (L3/L4 and C3) option 
has been fitted, tune the receiver to the 
offending station, then, with a plastic trim- 
ming tool, adjust the core of L3/L4 until its 
perceived strength has been reduced as 
much as possible. 

If provision has been made for reception 
of BBC Radio 4 on long waves, switch in 
capacitors C1 and C2 and peak the signal 
with tuning capacitor VC1. 


WAVE TRAPS 


Simple receivers are swamped by pow- 
erful signals, which can also degrade the 
performance of complex communications 
equipment. An old, but effective, solution 
is to attenuate the offending signal before it 
gets into the receiver. If this is not practica- 
ble (e.g., sets with loop aerials), then it 
should be attenuated before it reaches the 
amplifier stages. 

This single-frequency attenuator is called 
a Wave Trap. It is no more than a tuned cir- 
cuit resonant at the frequency of the signal 
to be blocked out or shunted to ground. 


Rejection 

The most common arrangement is 
shown in Fig.2.7a. Here the parallel tuned 
circuit, connected in the aerial lead, pre- 
sents a high impedance to the unwanted 
signal and heavily attenuates it. This 
arrangement is very effective when the 
input impedance of the receiver is less than 
1000 ohms (most are either 50 ohms or 
around 600 ohms). 

A parallel tuned trap can be inserted in a 
loop aerial coupling circuit if an imped- 
ance matching winding is provided. This 


Interior layout of the Reflex Radio built by a friend (Dr. P. O’Horan) of the author. 
Note the air-spaced tuning capacitor, trimmer capacitor in place of twisted wires, 
and mods. to amplifier p.c.b. This set worked ‘first time” and is claimed to be as 


good as many small superhet sets. 


479 


AERIAL 


TO AERIAL 


A) 
REJECTOR CIRCUIT 
HIGH IMPEDANCE AT 
NOT RESONANT FREQUENCY 
USED OF L1/Cl BLOCKS ENTRY 
OF UNWANTED SIGNAL 
INTO RECEIVER 
i, COIL SCREENING CAN TO AERIAL 
Optional TOSERIALINEUT: TO RECEIVER EARTH INPUT ON 
Wave Trap REC EEN OR OV RAIL. RECEIVER 
circuit board. 
has already been described in connection 
with the MW Reflex Receiver project, and REJECTOR CIRCUIT 
the basic circuit is repeated in Fig.2.7b. 
B) COUPLING WINDING L2 


Without the matching winding, L2, the low 
impedance presented by the loop coupling 
circuitry would appear directly across LI 
and reduce its Q to a useless level. 


Acceptance 

It will be recalled (see Part 1 — June ’03) 
that a capacitor and inductor in series pre- 
sent a low impedance at resonance and a 
much higher impedance at other frequen- 
cies. The circuit is shown in Fig.2.7c. 

In the past, this type of trap was often 
connected between the aerial and earth ter- 
minals of receivers with a high input 
impedance where it exhibited a shunting 
effect at the unwanted frequency. (Some 
valve era receivers had aerial coupling 
windings that were self-resonant within the 
medium wave band, and this resulted in the 
high input impedance). It is occasionally 
encountered in superhet receivers designed 
around integrated circuits, where it is used 
to shunt the intermediate frequency. 


TRAP COMPONENTS 


The trap tuning inductor should, prefer- 
ably, be screened to prevent re-radiation of 
the unwanted signal within the receiver. A 
modern Toko coil is suitable, and details of 
suppliers are given in the Shoptalk column. 

Capacitors should, preferably, have a 
polystyrene dielectric but “low k” ceramic 
plate components can be used. Different 
frequency ranges, within the medium wave 
band, for various standard capacitor values, 
are given in Table 2.1. 


TRAP CONSTRUCTION 


A universal printed circuit board, which 
can accommodate any of the trap configu- 
rations described here, is illustrated along- 
side Figs.2.7a to 2.7c. The copper track 
side master of the board is also included 
This board is available from the EPE PCB 
Service, code 399. 

Mount the board as close as possible to 
the “trapping point” to keep connecting 
leads as short as possible. Aerial traps 
should be located inside any metal chassis, 
alongside the aerial terminal. 


ADJUSTMENT 


Tune in the offending station and, using 
a plastic trimming tool, adjust the “trap” 
tuning coil core until maximum attenuation 
is achieved. 

Traps of this kind work well on the long 
and medium wave bands where swamping 
problems are usually encountered. As fre- 
quency increases, trap bandwidth widens, 
and the circuit is no longer capable of 
single-signal attenuation. 
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PREVENTS THE L1/C1 
TUNED CIRCUIT FROM 
BEING DAMPED BY 
THE LOW IMPEDANCE 
CIRCUIT IN THE 
RECEIVER 


L2 
COUPLING 


WINDING 
CONNECTED IN SERIES WITH 
LOW IMPEDANCE CIRCUIT IN 
THE RECEIVER 


L1 CONNECT ACROSS HIGH 
IMPEDANCE CIRCUIT IN 
RECEIVER 


ACCEPTOR CIRCUIT 


LOW IMPEDANCE AT 
RESONANT FREQUENCY 
OF L1/C1 SHUNTS 
UNWANTED SIGNAL. 

TO GROUND 


0:9in (22-9mm) 


1-0in (25-4mm) 


COIL SCREENING CAN 
TO RECEIVER EARTH 
OR OV RAIL. 


TO LOW IMPEDANCE 
CIRCUIT IN RECEIVER 


L1/L2 


COIL SCREENING CAN 
TO RECEIVER EARTH 
OR OV RAIL. 


TO HIGH IMPEDANCE 
CIRCUIT IN RECEIVER 


FOR MEDIUM WAVES, L1/L2 IS A TOKO RWR 331208 TYPE TUNING 
COIL. SEE TABLE 2.1 FOR CAPACITOR C1 VALUES. 


Fig.2.7. Various Wave Trap circuit arrangements to prevent “swamping” of receivers 
by powerful, usually local, signals. Wiring details and a full-size printed circuit board 
are also illustrated. 


SPEAKER 
AMPLIFIER 


Add loudspeaker listening to 


your receivers 


Many readers will require a loudspeaker 
output from the various receivers described 
in the series. A suitable power amplifier 
can be built using the Philips TDA7052 
integrated circuit. 

The designers of the i.c. adopted an 
internal bridge configuration for the output 
stage, and the device will deliver reason- 
able power at low supply voltages (450mW 
with a 4-5V, and 1W with a 9V, supply into 
an 8 ohm speaker). It also eliminates the 
need for a speaker coupling capacitor. The 
external component count is minimal; just 
two capacitors. 

The circuit diagram for a simple 
TDA7052 Speaker Amplifier is shown in 
Fig.2.8, where bypass capacitors Cl and 


C2 ensure stability at radio and audio fre- 
quencies. The input pin (IC1 pin 2) is 
connected to the signal source via a poten- 
tiometer (Volume control) and a d.c. block- 
ing capacitor. These components are 
included with the radio receiver circuits, 
but are shown again here in the interests of 
clarity. This input arrangement must also 
be adopted if the amplifier circuit is to be 
used with other equipment. 


CONSTRUCTION 


The printed circuit board component 
layout, wiring and full-size copper track 
master for the Speaker Amplifier is illus- 
trated in Fig.2.9. This board is also avail- 
able from the EPE PCB Service, code 400. 
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Approx. Cost 
Guidance Only of 


excl. speaker 


+3V TO +9V 


COMPONENTS 


SPEAKER AMPLIFIER 
Capacitors 


See vR2 


100n disc ceramic 
220u radial elect. 16V 


Semiconductors 


IC1 TDA7052 (Philips) power amp 


Miscellaneous 


LS1 8 ohm miniature loudspeaker (see text) 


Printed circuit board available from the EPE PCB Service, 
code 400; 8-pin d.i.l. socket; multistrand connecting wire; twin- 
core screened audio cable, if leads to Volume control will be 
longer than 75mm (3in.); solder pins; solder etc. 


An 8-pin d.il. socket is recommended 
for IC1 as this makes substitution checking 
easy. Again, solder pins at the lead out 
points are a help when carrying out the off- 
board wiring. 

On completion, check the board for 
bridged tracks and poor soldered joints, 
and check the orientation of the i.c. and the 
electrolytic capacitor. 

If all is in order, connect an 8 ohm 
speaker, the volume control potentiometer, 
and a 9V battery. With the volume control 
turned to minimum, current consumption 
should be approximately SmA. With a 
good output from the speaker, current drain 
will increase to approximately 100mA. 


PERFORMANCE 


The noise level of the amplifier is 
extremely low and its output is free from 
audible distortion up to the power levels 
quoted earlier. With a sensitivity of 40mV 
r.m.s., it can easily be driven to full output 
by any of the receivers in this series (other 
than last month’s Crystal Set). 

Output short circuit protection is built 
into the chip, which shuts down when 
dissipation becomes excessive. It will not, 
however, withstand prolonged abuse, espe- 
cially with higher supply voltages. 

Current consumption for a given power 
output, although acceptable, is almost 
twice that of other i.c.s which have more 
complex external circuitry; e.g., the 


WWWVVY_EPVENIAIY _COY 


SOP a 


THE BLOCKING CAPACITOR 
AND VOLUME CONTROL ARE 
INCLUDED WITH THE RADIO 
CIRCUITS. THEY ARE ONLY 


TALK 


REPEATED HERE FOR 
CLARITY 


SIGNAL INPUT 
VIA BLOCKING 
CAPACITOR 


VOLUME 
CONTROL 


SCREEN LEADS TO 
VOLUME CONTROL 
IF MORE THAN 3in 
(75mm) LONG 


} TO SUPPLY 
_ ee 


SIGNAL OUTPUT 
N.C. 


OUTPUT GROUND 


SIGNAL OUTPUT 


4-2in (30-5mm) 


oO 


12) 
400 


1-6in (40-6mm) 


LOUDSPEAKER 


TO 8Q € ° 
Guz 
1e) 


Fig.2.9. Speaker Amplifier printed circuit board component layout, wiring and full- 
size copper foil master. Note the Volume control pot. is included in the radio circuits. 


LM386N-1 and the TBA820M. (The May 
2002 edition of EPE contained full circuit 
details of these and other amplifiers). 


COMPONENTS 


Most of the components for the circuits 
in Part Two are widely available and no dif- 
ficulty should be encountered in obtaining 
them. The semiconductors are not particu- 
larly critical. Most n-channel junction f.e.t.s 
should work in the add-on Q-Multiplier. 

Similarly, most high gain (h,, at least 
400) small signal npn transistors should be 
suitable for the Reflex Radio. The BC239C, 


BC547, 2N2926 and 2N3711 have been 
tried and found acceptable. A germanium 
point contact signal diode must be used 
(small signal silicon diodes are not suit- 
able), but the actual type is not critical and 
an OA90 or OA91 could be substituted. 

Semiconductor base connections vary 
and must be checked. 

Next month's article will describe high 
performance regenerative receivers for both 
general coverage (150kHz to 30MHz) and 
the amateur bands. We also hope, space 
permitting, to take a close look at coils, 
variable capacitors and tuning systems. 


TAKE A LOOK, 
A FREE ISSUE 


IS AVAILABLE 


A one year subscription 


Get your magazine “instantly” 
anywhere in the world — 
buy from the web. 
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(12 issues) 
costs just $10.99 (US) 


www.epemag.com 
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PRACTICALLY SPEAKING 


Robert Penfold looks at the Techniques of Actually Doing It! 


T. USUAL starting point with project 
construction is the building of the 
circuit board. With that task out of the 
way it is tempting to consider the pro- 
ject virtually finished. 

With some projects this might actual- 
ly be the case, but with most there is 
still a fair way to go before you are 
ready to start testing the new master- 
piece. In fact the mechanical aspects of 
construction, the hard wiring, and 
adding panel lettering could easily take 
longer than building the circuit board. 

Turning a circuit board into a fully fin- 
ished project is not as high-tech as 
constructing the board, and probably 
requires fewer new skills to be learned. 
Most of the tasks involve familiar do-it- 
yourself tools such as screwdrivers and 
drills. There is still a certain amount of 
learning involved though, and a few pit- 
falls to be avoided. 

A lack of care taken on this aspect of 
construction will not necessarily pre- 
vent the project from working, although 
it is quite likely to do so. A fairly rough 
finished product is more or less guar- 
anteed, but there is also a slight risk of 
damaging the circuit board that was so 
carefully put together. 


Guided Tour 

Normally, the first task after building 
the circuit board is to undertake any 
drilling required on the case so that the 
controls, sockets, etc. can be fitted in 
place. Any mounting holes required for 
the circuit board are also drilled at this 
stage. 

In most instances a few mounting 
holes for the circuit board will be 
required, but some cases have built-in 
guide rails that could render mounting 
holes unnecessary. The circuit board 
simply slides into the guide rails, and it 
is usually locked in place when the 
removable lid or rear panel is fitted on 
the case. A board partially fitted into 
position is shown in Fig.1. 

Guide rails are quite common in plas- 
tic and die-cast aluminium boxes, but 
are not often included in most other 


Fig.1. Some cases have guide rails or slots to take circuit 
boards of an appropriate size. This case also has rails for 
mounting the board vertically. 
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types of case. Many of the boxes that 
sport guide rails have a slightly tapered 
shape. In order to obtain a reliable and 
rattle-free fit it is sometimes necessary 
to file the board slightly to produce a 
matching taper. The guide rail method 
is perfectly straightforward in other 
respects. 

Unfortunately, for the home construc- 
tor there is a major drawback to this 
system. It is often impractical to use the 
guide rails unless the circuit board has 
been specifically designed to suit that 
particular case. 

One potential solution is to produce 
an over-length version of the circuit 
board so that it will fit the guide rails. 
This is often a practical proposition 
when using stripboard or if you are 
making your own p.c.b.s, but it is other- 
wise a non-starter. 


There are some variations on the 
guide rail system, and the most com- 
mon of these has four plastic clips fitted 
onto the board. The board is then slot- 
ted into the guide rails via these clips. 
The point of this method is that it 
enables the circuit board to be mount- 
ed at right angles to the rails, which 
usually permits the case to accommo- 
date a larger circuit board. 

It is a good system, but is does 
have a couple of minor drawbacks. 
One is simply that it can be awkward 
to use, and it can be difficult to get 
everything in place. The second is that 
with this round-about method the 
board is not held as 
securely as_ with 
most other mount- 
ing systems. 


Shattering 
Experience 

Due to their limita- 
tions for the home 
constructor, most 
projects have the 
circuit board held in 
place using small 
nuts, bolts, and 
spacers, or some 
sort of plastic stand- 
off. A common mis- 
take is for beginners 
to simply bolt the 
board straight onto 


the case without using any form of 
stand-off. 

With a metal case this results in 
many of the soldered connections on 
the underside of the board being short- 
circuited through the case. The compo- 
nents on the circuit board are usually 
quite safe because it is likely the bat- 
tery will be short-circuited. The battery 
is likely to be short lived though. 

Even if a project is housed in a plas- 
tic case, the board must still be held 
slightly clear of the case. The under- 
side of the circuit board might start out 
flat, but the completed board has sol- 
dered joints standing a few millimetres 
proud of the  board’s — surface. 
Tightening the mounting nuts results 
in the areas of the board in their vicin- 
ity being pressed flat against the case, 
but the areas around the soldered 


Fig.2. A selection of four plastic or nylon stand-offs for mounting circuit boards. 


joints are kept a few millimetres clear 
of the case. 

If the circuit board is made from 
s.r.b.p. or the like it will at best become 
badly distorted, and at worst it will shat- 
ter into a number of pieces. The brittle- 
ness of stripboard makes it particularly 
vulnerable to this type of failure. Boards 
made from fibreglass are much tougher 
and much stiffer. 

A fibreglass board might be distort- 
ed, but with something like a simple 
folded aluminium case it is more likely 
that the case will buckle and be ruined. 
One of the more brittle plastic cases 
could come to serious grief. Not bother- 
ing to include the spacers virtually 
guarantees problems will occur. 


Stand-off Situation 

Various types of plastic stand-off are 
available, so it is essential to look care- 
fully at the descriptions and illustrations 
in component catalogues to make sure 
an appropriate type is obtained. A 
selection of four different types of 
stand-offs is shown in Fig.2. 

The early types were mainly 
designed to clip into holes in the case, 
with the circuit board clipping in place 
on top of the stand-offs. On the face of 
it this is a very quick and easy way of 
doing things, but in practice it often 
fails to hold the board as securely as 
other methods. All the mounting holes 
must be just the right size or the 
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board will not clip into place 
properly at all. 

Many of these clip-on 
stand-offs require rectangu- 
lar cut-outs in the case. 
Probably the easiest way of 
making a small rectangular 
cut-out is to first drill a small 
circular hole. Then file this to 
the right size and shape 
using a miniature square or 
triangular file. 

These days there are sev- 
eral alternative types of 
stand-off available, and 
some of these are probably 
better options for the home 
constructor. One of these 
alternatives clips into the 
case in the normal way, but 
at the other end has long 
guide into which the circuit 
board is slotted (see Fig.3). 

This is unlike any other 
form of stand-off, and it has 
the board mounted at 180 
degrees to the stand-offs 
instead of perpendicular to 
them. In other words, with the board fit- 
ted on the base panel via this type of 
stand-off it will be in a vertical rather 
than horizontal position. It is a bit like 
an add-on version of built-in guide rails. 

With this system, and with ordinary 
guide rails, a few millimetres at each end 
of the circuit board must be kept free 
from components. Otherwise the board 
will not fit into the guides properly. 


In The Bushes 

Another type of stand-off is fixed to 
the case by way of a self-tapping 
screw, which avoids some of the wob- 
ble associated with the clip-on type. 
However, with many of these stand-offs 
the board still clips in place in the 
normal way. 

A further variation has threaded 
bushes at both ends, and yet another 
accepts self-tapping screws at both 
ends. It is also possible to obtain metal 
spacers that have a screw thread down 
the middle, and these can be used in 
the same fashion as the non-threaded 
stand-offs. Of course, metal spacers 
will not insulate the board from a metal 
case, which could sometimes be an 
issue. 

Excellent rigidity and reliability is pro- 
vided by the stand-offs and spacers 
that are bolted to the case and then 
have the board bolted in place. The 
stand-offs that use self-tapping screws 
are also very good. All these methods 
are well suited to home constructed 
projects. 

When using stripboard it is definitely 
advisable to use a method of mounting 
that has the board firmly bolted in 
place. The holes already in stripboard 
tend to combine with the mounting 
holes to produce mounting holes that 
are far from circular. This usually results 
in the boards being very loose fits when 
they clipped into place on stand-offs. 

There is a further variation in the 
form of stand-offs which are fixed to the 
case via self-adhesive pads. The circuit 
board then clips into place. This type of 
stand-off undoubtedly offers the 
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Fig.3. This type of stand-off effectively provides add-on guide rails. 


ultimate in speed and ease of use. They 
are ideal for small circuit boards, but 
are probably not well suited to larger 
and heavier boards. 


Spaced Out 

It is perhaps worth mentioning that 
there is an alternative method of using 
threaded metal spacers. They can be 
used with bolts that are a few millime- 
tres longer than the spacers, so that 
the bolts protrude above the tops of the 
spacers when they are mounted on the 
case. 

The circuit board fits onto the ends 
of the bolts, and nuts are used to fix 
the board in place in the normal way. 
This method is very simple and holds 
the board securely in place, but 
always make sure that the spacer is 
firmly in position before trying to fit the 
board. 

What is perhaps the most popular 
method is a variation on this approach, 
and it uses non-threaded spacers (see 
Fig.4). It can be a bit fiddly getting 
everything in place, 
especially with 
boards that have 
three or four mount- 
ing bolts. Bostik Blu- 
Tack or Plasticine 
can be used to hold 
the bolts in place 
while everything is 
loosely assembled. 
After removing the 
Blu-Tack or Plasti- 
cine the mounting 
nuts can be fully 
tightened. 

In the past 6BA 
bolts were the most 
popular for mount- 
ing boards, but the 
imperial sizes have 
now been largely 
phased out and 
replaced with the 
metric M_ series. 
The number after 
the letter “MM” 


indicates the bolt’s diame- 
ter in millimetres. M3 is 
fractionally larger than 
6BA, and M2-:5 is slightly 
smaller. 

Bolts of M3 size are a 
good choice for custom 
printed circuit boards, but 
the relatively large mount- 
ing hole can be a slight 
problem when using strip- 
board. They can merge 
with the existing holes to 

become rather too large. 

© M2-5 is the safer option 

: when _ using stripboard. 
M2-5 bolts together with 
mounting holes of about 
2:8mm to 3mm dia. work 
well with stripboard. 


Stress Free 

Good accuracy’ is 
essential when using bolts 
and spacers with strip- 
board. Be careful to posi- 
tion the mounting holes in 
the case with good accura- 
cy. Even quite small errors can result in 
the board being placed under a fair 
amount of stress when the mounting 
nuts are tightened. 

This is not good when using fibre- 
glass printed circuit boards, but it is 
unlikely that any damage would occur. 
However, the situation is different with 
stripboard, which tends to be quite brit- 
tle. There is a real risk of the board 
breaking. 

The circuit board can be used as a 
template when marking the positions of 
the mounting holes on the case. This 
makes it easy to achieve good accura- 
cy. Also, if the mounting holes in the 
board have “wandered” slightly, the 
ones in the case will still match them 
perfectly. 

Once the mounting holes have been 
drilled in the case, hold the board over 
them to check that there is a proper 
match. If necessary, use a miniature 
round file to adjust the mounting holes 
in the case in order to obtain a better 
match between the two sets of holes. 


Fig.4. Metal spacers are probably the most popular method 
for mounting circuit boards. Putting “lock-nuts” between the 
bottom and top of spacers will save a lot of additional 
“fiddling” when removing and replacing boards. 


483 


Top Tenners 


ULTIMATE 
EGG TIMER 


OWEN BISHOP 


This short collection of projects, some useful, some 
instructive and some amusing, can be made for around 
the ten pounds mark. The estimated cost does not 
include an enclosure. All of the projects are battery 
powered, so are safe to build. In a few cases where 
the project 1s to be run for long periods, power may be 
provided by an inexpensive mains adaptor. 


UR first project in this series is a 
On device for timing eggs, tele- 

phone calls, player’s moves in 
games like chess, and for how long you 
brush your teeth! 

The popularity of a boiled egg as a 
breakfast dish has ensured that an egg 
timer is a useful yet simple project for a 
beginner to build. Almost everyone needs 
such a timer. However, it is generally 
cheaper to buy one than to make one, so 
why bother? Perhaps one of the main rea- 
sons is that the home-constructed device 
can be readily customised to your prefer- 
ences, as can the circuit presented here. 
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Also, there is the novelty factor, of which 
this timer is a good instance. 

The author has been designing timers 
for almost as long as the advent of the 555 
timer i.c. made this an easy thing to do. 
Each has had its own particular gimmick. 
Now we have the very latest word in timers 
— one that has no switches or buttons. 

It is as simple to operate as the old-fash- 
ioned sandglass timer. Just turn it over and 
watch for all the sand to run through, only 
in this case watch for the l.e.d. to light. In 
addition, since this is the last word in 
timers (at least until the next one is 
hatched!), we call it the Ultimate Egg 
Timer. 


HOW IT WORKS 


This project is intended to take up the 
minimum of space in the kitchen work- 
space or on the bathroom shelf. For use in 


a splashy, possibly humid, environment, a 
sealed enclosure is an essential. This 
means that the lid of the enclosure must be 
wholly transparent, or at least translucent 
enough for the l.e.d.s to show through. 
Power comes from a small 9V PP3 battery. 
A tilt switch controls it, so power is 
switched on and off according to whether 
the device is upright or upside down. 

As is typical for such designs, the basic 
timing circuit uses a 555 timer, although 
the low-power 7555 version is used in 
order to extend battery life. Referring to 
Fig.l, the timer, IC1, is wired as an 
astable. That is, it produces a succession of 
pulses. With the values of resistors R1, R2 
and tantalum capacitor C1 as shown, the 
pulse rate is approximately one every 30 
seconds. Preset control VR1 allows the 
rate to be adjusted to compensate for the 
20% tolerance value of the capacitor. 


Fig.1. Complete circuit diagram of the Ultimate Egg Timer. 
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Fig.2. Printed circuit board component layout and full-size underside board copper track layout. 


The pulsed output from IC1 pin 3 goes 
to the clock input of IC2. This device is a 
type 4017 decade counter, which has its 
Reset and Inhibit inputs held at OV, to 
allow the counter to operate normally. 

The counter has “l-of-10” outputs, 
meaning that only one of its ten outputs is 
at logic high (9V for a 9V supply) at any 
given instant. The rest are low (OV). When 
the circuit is first switched on, the clock 
output of IC] goes high and so does output 
QO of IC2. 

The clock output goes low after about 18 
seconds but this has no effect on the 
counter. The count is advanced only when 


the timer output goes from low to high. The 
first positive edge, as it is called, occurs 
after 30 seconds. At this point, the count 
becomes “1”. The QO output goes low and 
the QI output goes high. The count 
advances every 30 seconds and the consec- 
utive outputs of IC2 go high in turn. 


FLASHING 


After three minutes the Q6 output goes 
high, and current flows through l.e.d. D1, 
which is a flashing type. This acts as a 
warning that the timed period is approach- 
ing its end. At 3 minutes, the flashing 
l.e.d. is turned off and the red l.e.d., D2, 


The prototype printed circuit board layout — the layout has been slightly modified in the 
final version. Note a mercury switch of the type shown should not be used — see text. 
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comes on for 30 seconds and goes off at 
four minutes. 

If you like a four-minute egg, take posi- 
tion beside the cooker, spoon in hand, as 
soon as the red l.e.d. comes on. 


COMPONENTS 


Resistors 


270Q 
All 0-25W, 5% carbon film 


TALK 
page 


Potentiometer 
VR1 1M min. preset, 
horizontal open 
skeleton or round (see 
text) 


Capacitor 
C1 10u tantalum bead, 16V 


Semiconductors 

red l.e.d., flashing, 5mm 

red |.e.d., 5mm 

yellow |.e.d., 5mm 

green l.e.d., 5mm 

7555 CMOS timer 

74HC4017, decade 
counter with 1-of-10 
outputs 


Miscellaneous 
S1 tilt switch (non-mercury 
type) 


Printed circuit board, available from 
the EPE PCB Service, code 403; case 
to suit (See text); 8-pin d.i.l. socket; 16- 
pin d.i.l. socket; PP3 battery and clip; 


connecting wire; solder etc. 


excl. case & batt. 


Approx. Cost 
Guidance Only 
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Immediately it goes out, remove the per- 
fectly timed egg from the saucepan. The 
yellow and green |.e.d.s come on in turn 
and go out at the end of 4% and five min- 
utes respectively. 

Note that the sequence repeats every five 
minutes, so be sure not to miss the first 
sequence! Ideally, the timer would switch 
off completely at the end of the sequence, 
but this cannot be accomplished in a circuit 
that is limited in cost to £10. 

The timer can be used for toothbrush 
timing without any modification. Turn the 
timer over and brush steadily until you see 
the flashing l.e.d. come on. This is a period 
of exactly three minutes. 


CONSTRUCTION 


The component positioning and track 
layout details for the Ultimate Egg Timer 
printed circuit board (p.c.b.) are shown in 
Fig.2. This board is available from the EPE 
PCB Service, code 403. 

Assemble the board in order of ascend- 
ing component size, and use sockets for 
IC1 and IC2. The board allows for preset 
potentiometer VR1 to be a round or an 
open skeleton type. Take care to align the 
le.d.s neatly in an evenly spaced row and 
at the same height above the board. Ensure 
that they are correctly orientated. 

The board is designed for a miniature tilt 
switch with leads spaced 10-2mm apart. 
Use a “mercury-free” type. It is imperative 
that a mercury type should not be used in a 
food environment — mercury is a hazardous 
substance. 

The switch must be mounted so that it is 
off when the board is vertical and the 
switch is on the right. It may be held rigid- 
ly in place using a dab of holt-melt glue. 

Using a hand magnifier, check the sol- 
dered side of the board to see that there are 
no dry solder joints and no threads of 
solder bridging between tracks. 


Not only good for 
eggs but also 
good to time teeth 
cleaning 


After checking thoroughly, connect 
power to the board, place it in the “on” 
position and use a voltmeter to monitor the 
output from ICI pin 3. This should go high 
as soon as the power comes on, and then 
settle into a slowly changing down/up 
cycle. Adjust VRI to bring the cycle period 
close to 30 seconds. 


CORRECTLY BOILED 


Egg connoisseurs, of course, will 
know that the optimum timing for a cor- 
rectly boiled egg depends on the egg’s 
size and its freshness. Preset VR1 can be 
adjusted for a timing cycle that provides 
a “correctly-boiled” period set to one or 
other side of the true 4-minute period, as 
preferred. 

The circuit can be enclosed in a small 
plastic box of which at least the lid should 
be transparent or translucent. The proto- 
type is housed in an IP65 enclosure with a 


neoprene sealing gasket. The “6” in the 
code means that it is totally protected 
against dust. The “S” means that it is pro- 
tected against low-pressure jets of water 
from all directions. 

The dust proofing is not so important but 
the waterproofing could be a useful feature 
in a kitchen or bathroom. However, if you 
cannot find a local supplier for IP65 enclo- 
sures, or want to save costs, use the kind of 
box in which processed photo-slides are 
returned. 

The way the circuit and batteries are 
arranged depends on the dimensions of the 
box. In the prototype the battery was fixed 
inside the bottom of the box using a dou- 
ble-sided sticky pad. A second pad was 
then used to fix the printed circuit board to 
the battery. You could use Blu-Tack 
instead. 

Having closed the box, the Ultimate Egg 
Timer is ready for the first boiling! [] 


EPE BINDERS 


KEEP YOUR MAGAZINES SAFE — RING US NOW! 


This ring binder uses a special system to allow the issues to be easily removed and re-inserted without any damage. A nylon 
strip slips over each issue and this passes over the four rings in the binder, thus holding the magazine in place. 

The binders are finished in hard-wearing royal blue p.v.c. with the magazine logo in gold on the spine. They will keep your 
issues neat and tidy but allow you to remove them for use easily. 

The price is £6.95 plus £3.50 post and packing. If you order more than 
one binder add £1 postage for each binder after the initial £3.50 postage 
charge (overseas readers the postage is £6.00 each to everywhere except 
Australia and Papua New Guinea which costs £10.50 each). 

Send your payment in £’s sterling cheque or PO (Overseas readers 
send £ sterling bank draft, or cheque drawn on a UK bank or pay by card), 


to Everyday Practical 


Electronics, Wimborne Publishing Ltd, 


408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 


873872. Fax: 01202 874562. 


E-mail: editorial@epemag.wimborne.co.uk. 
Web site: http://www.epemag.wimborne.co.uk 


Order on-line from: 


www.epemag.wimborne.co.uk/shopdoor.htm 


We also accept card payments. Mastercard, Visa, Amex, Diners Club or 
Switch. Send your card number and card expiry date plus Switch Issue No. 


with your order. 


Master€ard 


Diners Clubs 
International 


== 
VISA 


Everyday Practical Electronics, July 2003 


487 


@ = monncs BACK ISSUES 


We can supply back issues of EPE by post, most issues from the past three years are available. An EPE index for the last five years is also available at 
www.epemag.wimborne.co.uk or see order form below. Alternatively, indexes are published in the December issue for that year. Where we are unable to 
provide a back issue a photocopy of any one article (or one part of a series) can be purchased for the same price. Issues from Nov. 98 are available on CD- 
ROM - see next page — and issues from the last six months are also available to download from www.epemag.com. 


PROJECTS @ MK484 Shortwave Radio e PIC 
Virus Zapper @ RH Meter e PIC Mini-Enigma. 
FEATURES @ Teach-In 2002 — Part 5 @ Ingenuity 
Unlimited e Programming PIC Interrupts—1 @ Circuit 
Surgery @ Practically Speaking ¢ New Technology 
Update @ Net Work — The Internet Page. 


APR ’02 


PROJECTS e Electric Guitar Tuner @ PIC 
Controlled Intruder Alarm @ Solar Charge and Go 
e@ Manual Stepper Motor Controller. 

FEATURES e Teach-In 2002 — Part 6 e@ Interface 
e@ Programming PIC Interrupts—2 @ Circuit Surgery 
@ Ingenuity Unlimited ¢ New Technology Update 
e Net Work — The Internet Page e FREE Giant 
Op.Amp Data Chart. 


PROJECTS e PIC Big-Digit Display ¢ Simple Audio 


Circuits — 1 @ Freezer Alarm @ Washing Ready 

Indicator. 

FEATURES @ Teach-In 2002 — Part 7 @ Ingenuity 

Unlimited @ Practically Speaking @ New Technology 

ceeate @ Circuit Surgery ¢ Net Work — The Internet 
age. 


JUNE ’02 


PROJECTS e Biopic Heartbeat Monitor e 
Frequency Standard Generator @ Simple Audio 
Circuits — 2 @ World Lamp. 

FEATURES @ Teach-In 2002 — Part 8 @ Interface @ 
New Technology Update e Circuit Surgery e 
Ingenuity Unlimited @ Net Work — The Internet 
Page. 


J 

PROJECTS e EPE StyloPIC Infra-Red 
Autoswitch @ Simple Audio Circuits — 3 e Rotary 
Combination Lock. 

FEATURES e@ Teach-In 2002 — Part 9 @ Practically 
Speaking @ Using The PIC’s PCLATH Command 
e@ Ingenuity Unlimited e Circuit Surgery e New 
Technology Update ¢ Net Work—The Internet Page. 


AUG ’02 Photocopies only 


PROJECTS e PIC World Clock @ Pickpocket Alarm 
e Big-Ears Buggy @ Simple Audio Circuits — 4. 
FEATURES e Teach-In 2002 — Part 10 @ Using 
Square Roots with PICs @ Ingenuity Unlimited e 
Evolutionary Electronics e Interface @ Circuit 
Surgery @ Net Work — The Internet Page. 


SEPT ’02 Photocopies only 


PROJECTS e Freebird Glider Control e Portable 
Telephone Tester ¢e EPE Morse Code Reader e 
Vinyl to CD Preamplifier. 

FEATURES e Circuit Surgery @ New Technology 
Update e Practically Speaking @ Net Work e 
Flowcode for PlCmicro e Logic Gate Inverter 
Oscillators ¢ Net Work — The Internet Page. 


OCT ’02 Photocopies only 


PROJECTS e EPE Bounty Treasure Hunter @ IC 
Tester @ Headset Communicator @ PIC-Pocket 
Battleships. 

FEATURES e Circuit Surgery @ New Technology 
Update e Logic Gate Inverter Oscillators — 2 @ 
Interface @ Network — The Internet Page @ Using 
TK3 With Windows XP and 2000. 


488 


DID YOU MISS THESE? 


NOV ’02 


Photocopies onl 
PROJECTS e EPE Hybrid Computer — 1 @ Tuning 
Fork and Metronome @ Transient Tracker e PICAXE 
Projects—1 (Egg Timer — Dice Machine — Quiz 
Game Monitor). 

FEATURES e Practically Speaking e Ingenuity 
Unlimited @ Circuit Surgery @¢ New Technology 
Update @ Net Work — The Internet Page. 


DEC ’02 


PROJECTS @ Versatile PIC Flasher e EPE Hybrid 
Computer — 2 @ Door Defender @ PICAXE Projects 
— 2 (Temperature Sensor — Voltage Sensor — VU 
Indicator). 

FEATURES e Electronic Paper @ Alternative Uses 
for Transistors @ Interface @ Circuit Surgery e New 
Technology Update e@ Ingenuity Unlimited @ Net 
Work — The Internet Page @ 2002 Annual Index. 


JAN ’03 


PROJECTS e EPE Minder e F.M. Frequency Surfer 
@ Wind Speed Meter @ PICAXE Projects—3 (Chaser 
Lights). 

FEATURES @ Who Really Invented The Transistor 
e@ TechnoTalk @ Circuit Surgery @ Practically 
Speaking @ New Technology Update ¢ Computer 
GOTOs @ Ingenuity Unlimited ¢ Net Work — The 
Internet Page. 


FEB ’03 


PROJECTS e Wind Tunnel @ Brainibot Buggy @ 
Back To Basics—1 (Hearing Aid, Audio Power 
Amplifier) ¢ Tesla High Voltage Transformer. 
FEATURES e In The Bag @ Techno Talk @ Circuit 
Surgery @ New Technology Update @ Interface e 
Ingenuity Unlimited ¢ Net Work — The Internet 
Page. 


PROJECTS e@ Wind-Up Torch Mk Il @ 200kHz 
Function Generator @ Driver Alert @ Back-To- 
Basics—2 (Metal Detector, Simple Timer). 

FEATURES e Ingenuity Unlimited e Practically 
Speaking @ Techno Talk @ New Technology Update 
@ Circuit Surgery e Peak LCR Component Analyser 
Review @ Net Work — The Internet Page. 


APR 03 


PROJECTS e Atmospherics Monitor @ Intelligent 
Garden Lights Controller @ Back-To-Basics—3 
(Touch Light, Plant Watering Reminder) e Earth 
Resistivity Logger—Part 1. 

FEATURES e Ingenuity Unlimited @ Techno Talk @ 
New Technology Update @ Circuit Surgery @ 
Interface @ Network — The Internet Page e SPECIAL 
SUPPLEMENT — EPE PIC Tutorial V2—Part 1. 


MAY ’03 


PROJECTS e Super Motion Sensor e Earth 
Resistivity Logger — Part 2 e Door Chime @ Back- 
To-Basics—4 (Live Wire Detector, Medium Wave 
Radio). 

FEATURES e Ingenuity Unlimited @ Techno Talk 
@ Practically Speaking @ Circuit Surgery e Net Work 
— The Internet Page e SPECIAL SUPPLEMENT — 
EPE PIC Tutorial V2 — Part 2. 


UNE ’03 
PROJECTS e Fido Pedometer @ PlCronos L.E.D. 
Wall Clock—Part 1 @ Back-To-Basics—5 (Mini 
Theremin, Twilight Switch) @ Radio Circuits—1 (Crystal 
Set, MK484 TRF Receiver, Headphone Amplifier). 
FEATURES e Ingenuity Unlimited @ Techno Talk @ 
Interface @ Circuit Surgery @ New Technology 
Update e Net Work — The Internet Page e SPECIAL 
SUPPLEMENT - EPE PIC Tutorial V2 — Part 3. 


BACK IssuES ONLY £3.50 each inc. UK p&p. 
Overseas prices £4 each surface mail, £5.50 each airmail. 


We can also supply issues from earlier years: 1998 (except Jan. to May, July, Sept., Nov., Dec.), 1999 
(except May, Aug., Dec.), 2000 (except Feb.), 2001 (except May, Sept., Oct.), 2002 (except Aug. to Nov.) 
Where we do not have an issue a photocopy of any one article or one part of a series can be provided at 


the same price. 


ORDER FORM - BACK ISSUES — PHOTOCOPIES-— INDEXES 


Send back issues dated 


Send photocopies of (article title and issue date) 


| enclose cheque/P.O./bank draft to the value of £ 


Card No. 


Card Expiry Date Card Security Code 


Send copies of last five years indexes (£3.50 for five inc. p&p — Overseas £4 surface, £5.50 airmail) 


Please charge my Visa/Mastercard/Amex/Diners Club/Switch £ 


(The last 3 digits on or just under the signature strip) 


SEND TO: Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Tel: 01202 873872. Fax: 01202 874562. 
E-mail: orders@epemag.wimborne.co.uk On-line Shop: www.epemag.wimborne.co.uk/shopdoor.htm 
Payments must be in £ sterling — cheque or bank draft drawn on a UK bank. Normally supplied within seven days of receipt of order. 


Send a copy of this form, or order by letter if you do not wish to cut your issue. 


M07/03 


Everyday Practical Electronics, July 2003 


A great way to buy EPE Back Issues — our mini CD-ROMs contain 
back issues from our EPE Online website plus bonus articles, all the 
relevant PIC software and web links. Note: no free gifts are included. 

All this for just £14.45 each including postage and packing. 


NOTE: These mini CD-ROMs are 
suitable for use on any PC with a 
CD-ROM drive. They require Adobe 
Acrobat Reader (available free from 


VOL 1 CONTENTS 


BACK ISSUES — November 1998 to June 1999 


VOL 2 CONTENTS 
BACK ISSUES -— July 1999 to December 1999 


VOL 3 CONTENTS 


BACK ISSUES -— January 2000 to June 2000 


VOL 4 CONTENTS 
BACK ISSUES -— July 2000 to Dec. 2000 


VOL 5 CONTENTS 


BACK ISSUES -— January 2001 to June 2001 


VOL 6 CONTENTS 


BACK ISSUES -— July 2001 to December 2001 


VOL 7 CONTENTS 


BACK ISSUES -— Jan 2002 to June 2002 


VOL 8 CONTENTS 


BACK ISSUES -— July 2002 to December 2002 


WHAT IS INCLUDED 
All volumes include the full editorial content of every 
listed issue, plus all the available PIC Project Codes 
for the PIC projects published in those issues. 
Note that no advertisements are included in Volumes 1 and 
2; from Volume 5 onwards the available relevant software for 
Interface articles is also included. 


EXTRA ARTICLES - ON ALL VOLUMES 


BASIC SOLDERING GUIDE -— Alan Winstanley’s internationally 
acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO- 
NENTS - Introduction to the basic principles of passive components. 
HOW TO USE INTELLIGENT L.C.Ds, By Julyan llett — An utterly practi- 
cal guide to interfacing and programming intelligent liquid crystal display 
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 — Signed and 
Unsigned Binary Numbers. By Clive “Max” Maxfield and Alvin Brown. 
PhyzzyB COMPUTERS BONUS ARTICLE 2 - Creating an Event 
Counter. By Clive “Max” Maxfield and Alvin Brown. INTERGRAPH 
COMPUTER SYSTEMS 3D GRAPHICS - A chapter from Intergraph’s 
book that explains computer graphics technology in an interesting and 
understandable way with full colour graphics. 


EXTRA ARTICLE ON VOL 1 & 2. THE LIFE & WORKS OF KONRAD 
ZUSE - a brilliant pioneer in the evolution of computers. A bonus article 
on his life and work written by his eldest son, including many previously 
unpublished photographs. 


Everyday Practical Electronics, July 2003 


www.adobe.com/acrobat) 


£1 4.45 each 


including VAT 
and p&p 


the Internet — 


Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 
or www.epemag.com (USA §$ prices) 
or by phone, Fax, E-mail or Post 


BACK ISSUES MINI CD-ROM ORDER FORM 


Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 1 
Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 2 
Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 3 


Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 4 1 
Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 5 : 

) BACK ISSUES CD-ROM VOL 6 1 
Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 7 : 


Please send me ........ (quantity) BACK ISSUES CD-ROM VOL 8 ! 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

: Please send me ........ (quantity 
I 

I 

! i 
1 Price £14.45 each — includes postage to anywhere in the world. 
I 
I 
I 
I 
I 


Di, Seetiosindecs aheiehbottonrndth ahtieicde ey Wore tddeicar op Soda Post Code ............. I 


| enclose cheque/P.O./bank draft to the value of £ ......... I 


I 
Please charge my Visa/Mastercard/Amex/Diners Club/Switch 1 


ard Security Code.......... (The last 3 digits on or just under 
the signature strip) 


SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 
408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Tel: 01202 873872. Fax: 01202 874562. 

E-mail: orders @epemag.wimborne.co.uk 
Payments must be by card or in £ Sterling — cheque or bank 
draft drawn on a UK bank. 

Normally supplied within seven days of receipt of order. 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
' Expiry Date .................. Switch Issue No. ....... 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 Send a copy of this form, or order by letter if you do not wish to cut your issue. 


INGENUITY 
UNLIMITED 


Our regular round-up of readers’ own circuits. We pay between 
£10 and £50 for all material published, depending on length 
and technical merit. We're looking for novel applications and 
circuit designs, not simply mechanical, electrical or software 
ideas. Ideas must be the reader's own work and must not 
have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in 
this column should be typed or word-processed, with a brief 
circuit description (between 100 and 500 words maximum) and 


WIN A PICO PC BASED 


OSCILLOSCOPE WORTH £586 
@ 100MS/s Dual Channel Storage Oscilloscope 
@ 50MHz Spectrum Analyser 
@ Multimeter ¢ Frequency Meter 
@ Signal Generator 
If you have a novel circuit idea which would be 


full circuit diagram showing all relevant component values. 
Please draw all circuit schematics as clearly as possible. 
Send your circuit ideas to: Ingenuity Unlimited, Wimborne 
Publishing Ltd., 408 Wimborne Road East, Ferndown Dorset 

BH22 9ND. (We do not accept submissions for /U via E-mail.) 


Your ideas could earn you some cash and a prize! 


of use to other readers then a Pico Technology 
PC based oscilloscope could be yours. 

Every 12 months, Pico Technology will be 
awarding an ADC200-100 digital storage 
oscilloscope for the best IU submission. In 
addition, a DrDAQ Data Logger/Scope worth 
£69 will be presented to the runner up. 


PEDOMETER - )SOOTTPAID 


FEW months back, I was given a free 

(cheap rubbish) calculator. Having two 
already, I took it apart just out of curiosity (as 
you do!). Then with a flash of inspiration I 
came up with an idea to change this calcula- 
tor into a Pedometer. 

The circuit in Fig.1 consists of a 4066 quad 
bilateral switch that is triggered by tilt switch 
Sl. Pulses from switch S1 are applied to 
IC1a’s control input, simultaneously charging 
capacitor Cl. When each pulse ends, C1 dis- 
charges through resistor R1. The result is a 
very short pulse at ICla’s Y output. This is 
applied to the control input of IC1b, with 
resistor R2 preventing this input from float- 
ing. IC1b acts as a switch, connecting points 
J1 and J2 when its control input is high. This 
action is used to trigger the calculator each 
time a step is taken. 

A typical calculator’s keypad is shown in 
Fig.2. It will vary between models but you 
should be able to work out the key connec- 
tions required. On my calculator points J1 
and J2 were connected across the “=” key. 

It is important that the calculator is mount- 
ed in a case so that keypads cannot be acci- 
dentally pressed, maybe one with a clear lid. 

The first step is to set the switch S1 so that 
it triggers every time a step is taken (a small 
sounder connected between ICla pin Y and 
battery negative may aid this). With the tilt 
switch set up and the calculator connected, 
get someone to help you measure an average 
step. Try a few steps at different speeds. Now 
key this distance into the calculator (in metric 
or imperial — the choice is yours). Now press 
“+” or “4+” (depending on model). 


IC1b 
4066 


CONTROL 


Fig.1. Circuit diagram for the calculator-based Pedometer. 


Close the lid, put the unit in your pocket 
and go for a walk. At the end of the walk 
press “M+” (add to memory) then “Clear”. 
Before setting off on the return walk via the 
same route, measure your step distance again. 
Once back at your starting point you can use 
the memorised distance and the last one to 
tweak your step’s value. 

The unit can be used for other applications 
by changing S1 for a different switch type. 
For instance, you could use a reed switch and 
magnet on a bicycle or other wheeled object 
to measure distance — lots of room for using 
ingenuity! But note that the count rate can 
only be a few hertz at the most. 

M. James, Billingham, Cleveland 


AOOOH 
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J2 


Fig.2. Typical keypad layout. 


ASTRONOMY TORCH - 
STAR LUGIT 


HE circuit shown in Fig.3 provides an 

adjustable red light for use in astronomy, 
to preserve the “dark adaptation” of the eyes. 
For economy, it works from two AA size 
batteries. 

The 3V supply is fed via resistor R1 to diode 
D1 and resistor R2 to produce a turn-on volt- 
age at base of transistor TR1, which forms one 
half of a complementary feedback amplifier. 
Transistor TR2 produces a current through the 
light emitting diode, D2, sufficient to balance 
this bias voltage. If the voltage across R3 is too 
low, TR1 and TR2 will conduct more strongly 
to balance, and vice-versa, maintaining a 
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Fig.3. Astronomy Torch circuit diagram. 


constant light output. With 0:2V across R3 the 
current will be 20mA. 

Due to transistor variations, resistor R1 
may have to be selected to avoid too much or 
too little l.e.d. current. A useful possibility is 
to add a 20kQ variable resistor in series with 
R2 to produce a variable brightness control, 
as found in astronomer’s commercial torches. 

If a fixed brightness is required, R2 could 
perhaps be replaced by a forward biased ger- 
manium diode, but then R3 may need a 
slightly higher value. 

A suitable light emitting diode is a hyper- 
bright red type with a 30 degree beam. This 
has a low voltage and a suitable size spot of 
light by which to read star charts. 

Colin Menear, Birmingham 
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Electronic Stethoscope — Jiieart Warobbeny 


+5 
© PP3 
BATTERY 


AUDIO SYSTEM 


Fig.4. Circuit diagram for an Electronic Stethoscope. 


VERYONE must have seen an ordinary 

acoustic stethoscope being used by a GP 
to assist diagnosis or just to check aspects of 
one’s physical health. 

With care, it is quite feasible to arrive at an 
electronic version which has the advantage 
of being capable of far higher sensitivity than 
an acoustic version. It can also be provided 
with a fair amount of frequency range 
adjustment. 


On the Surface 

To implement an electronic stethoscope, it 
is the vibration of surfaces rather than actual 
sound generation caused by vibration of air 
that is required. Consequently, the input 
transducer needs to be in direct physical con- 
tact with the surface being investigated. This 
makes modern microphones with their inac- 
cessible or very thin mylar diaphragms 


unsuitable, but a small moving coil loud- 
speaker is suitable, as is used in the design 
shown in Fig.4. 

Loudspeaker LS1 is connected to the first 
amplifier stage, formed around transistor 
TRI, using a length of screened cable. The 
loudspeaker must be a metal framed one not 
plastic. A short piece of wire should be con- 
nected between the cable braid and the loud- 
speaker frame to increase electrostatic 
screening of the input wiring. 

As the source impedance of the loudspeak- 
er is very low, a mere 16Q in this case, tran- 
sistor TR1 is operated in common base mode. 
Its supply is obtained via resistor RS, and is 
decoupled by capacitor Cl, to prevent 
unwanted positive feedback through the sup- 
ply rail. 

The next two stages, formed around TR2 
and TR3, are simple common emitter voltage 


gain stages, but with added frequency selec- 
tive negative feedback, provided by CS in the 
case of TR2, and C7 in the case of TR3. This 
reduces the bandwidth of these two stages — 
keeping it to a minimum in this way greatly 
reduces risk of breakthrough from radio 
transmitters and also greatly reduces the hiss 
level at the circuit’s output. 

The design allows heartbeats to be heard 
very easily by pressing the loudspeaker gen- 
tly against the chest. Headphones are essen- 
tial for live listening and need to be the big 
padded type, but they do not have to be hi-fi 
ones. 

The impedance of the output is low enough 
to drive the AUX input on a domestic audio 
system with plenty of level. The output can 
also be tape recorded for later reference. 

Michael Robertson, 
Chasetown 


Optical Illusion - 
Magic Colour 


T is well known that by pulsing monochromatic or white light vari- 

ous colours may be observed. This effect was first noted in 1826 by 
Benedict Provost, a monk who saw a “heavenly light” on his fingers 
as he waved his hands about in the cloisters. 

The classic means of demonstrating the effect is Benham’s Top — a 
spinning disc with black and white sector rings which give intermit- 
tent stimulation to retinal regions as it is rotated. The experiment may, 
however, be replicated electronically with pulsed 1.e.d.s. These satisfy 
the conditions of the experiment, namely monochromatic light, high 
contrast, and precise frequency. 

The circuit of Fig.5 pulses an l.e.d. with an equal mark-space ratio, 
using almost any monochromatic l.e.d. of moderate intensity. A flick- 
er rate just below the optical fusion frequency is required (that is, 
where the flicker just becomes noticeable). You then fix your gaze on 
le.d. D1. A red Le.d. will clearly turn yellow, and a yellow 1.e.d. turn 
green. Various other effects will be observed as the flicker rate is 
altered. 

These “subjective colours” were once the basis of experimental 
colour television, using a black and white tube. The experiments were 
successful to some degree, but colour saturation was not high enough, 
nor was the subjective experience from individual to individual close 
enough to make the idea commercially viable. 

Thomas Scarborough, 
Cape Town, 
South Africa 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS PROJECTS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


ene CIRCUITS & COMPONENTS V2.0 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


Analogue Electronics is a complete learning resource for this most difficult 

branch of electronics. The CD-ROM includes a host of virtual laboratories, 

animations, diagrams, photographs and text as well as a SPICE electronic 

circuit simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


Virtual laboratory — Traffic Lights 


leaded 3 Fausive Filter Deuge Lowe pase own Li 
= . 


Filter synthesis 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


FILTERS 


Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 


ELECTRONICS 
CAD PACK 


2 ee bt le ae 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ Interactive Virtual Laboratories 
@ Little previous knowledge required 
@ Mathematics is kept to a minimum and 
all calculations are explained 
@ Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 


(Order form on third page) 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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Site Licence... 


Hobbyist/Student ..........::csccsesssseesseseseseesseesneeseees £45 inc VAT 
Institutional (Schools/HE/FE/Industry)............+. £99 plus VAT 
Institutional 10 user (Network Licence).......... £199 plus VAT 


-£499 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 2 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PlCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to learn, choose one or all of the 
packages below to use with the Development Board. 

@ Makes it easier to develop PICmicro projects 

@ Supports low cost Flash-programmable PlCmicro 


devices 


@ Fully featured integrated displays — 13 individual l.e.d.s, 
quad 7-segment display and alphanumeric I.c.d. display 

@ Supports PlCmicro microcontrollers with A/D converters 

@ Fully protected expansion bus for project work 

@ All inputs and outputs available on screw terminal 


connectors for easy connection 


HARDWARE 


£145 including VAT and postage 
12V 500mA plug-top PSU (UK plug) £7 


25-way ‘D’ type connecting cable £5 


SOFTWARE 


Suitable for use with the Development Board shown above. 


ASSEMBLY FOR P!ICmicro V2 
(Formerly PICtutor) 

Assembly for PICmicro microcontrollers V2.0 
(previously known as PlICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PliCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PiCmicro MCU as each instruction is 
executed which enhances understanding. 
@ Comprehensive instruction through 39 
tutorial sections @ Includes Vlab, a Virtual 
PlCmicro microcontroller: a fully functioning 
simulator @ Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications @ Includes MPLAB assembler 
@ Visual representation of a PlCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users ® Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) @ Imports 
MPASM files. 


Virtual PiCmicro 


‘C’ FOR PiCmicro 
VERSION 2 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

@ Complete course in C as well as C 
programming for PICmicro microcontrollers 
@ Highly interactive course @ Virtual C 
PiCmicro improves understanding @ 
Includes a C compiler for a wide range of 
PiCmicro devices @ Includes full Integrated 
Development Environment @ Includes 
MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a 
compiler for all the PlICmicro devices. 


— 
— 
—_ 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 


FLOWCODE FOR P!ICmicro 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 

Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

@ Requires no programming experience @ 
Allows complex PICmicro applications to be 
designed quickly @ Uses international 
standard flow chart symbols (ISO5807) @ 
Full on-screen simulation allows debugging 
and speeds up the development process 
@ Facilitates learning via a full suite of 
demonstration tutorials @ Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices @ Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 


Burglar Alarm Simulation 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


Hobbyist/Student 


Institutional (Schools/HE/FE/Industry) 


Flowcode Institutional 


Institutional 10 user (Network Licence) 


Site Licence 


£45 inc VAT 
£99 plus VAT 
£70 plus VAT 
£249 plus VAT 
£599 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE 


EPE’s own Teach-in CD-ROM, contains 
the full 12-part Teach-in series by John 
Becker in PDF form plus the Teach-in 
interactive software covering all aspects 
of the series. We have also added Alan 
Winstanley’s highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-In series covers: Colour 
Codes and Resistors, Capacitors, 
Potentiometers, Sensor Resistors, Ohm’s 
Law, Diodes and L.E.D.s, Waveforms, 
Frequency and Time, Logic Gates, 
Binary and Hex Logic, Op.amps, 
Comparators, Mixers, Audio and Sensor 
Amplifiers, Transistors, Transformers and 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, 
Digital-to-Analogue. 

Each part has an associated practical section and the series includes a simple PC 
interface so you can use your PC as a basic oscilloscope with the various circuits. 

A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics. 


DIGITAL WORKS 3.0 


FREE BOOK 
WITH TEACH-IN 
2000 CD-ROM 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability e Software 
for simulating digital logic circuits e Create 
your own macros — highly scalable @ Create 
your own circuits, components, and i.c.s @ 
Easy-to-use digital interface e Animation 
brings circuits to life e Vast library of logic 
macros and 74 series i.c.s with data sheets 
e@ Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £199 plus VAT. 

Site Licence £499 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 

images of electronic 

components. This 

selection of high Es = 
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ELECTRONICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabuses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework 
Questions on each chapter. Worked answers with an access code are provided on a special website. 
Single User £29 inc. VAT. Multiple User £39 plus VAT 
Student copies (available only with a multiple user copy) £6 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 


MODULAR CIRCUIT DESIGN 


Contains a range of tried and tested analogue and digital circuit modules, together with the 

knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to 

design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming. 


Essential information for anyone undertaking GCSE or “A” level electronics or technology and for hobbyists who want 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully 
described, together with detailed information on construction, fault finding and components, including circuit symbols, 


pinouts, power supplies, decoupling etc. 


Single User £19.95 inc. VAT. Multiple User £34 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 
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1 Please send me: CD-ROM ORDER FORM 

'O Electronic Projects 

1 L] Electronic Circuits & Components V2.0 

! [] Analogue Electronics Version required: 

! [J Digital Electronics V2.0 C1 Hobbyist/Student 

1 (] Filters L] Institutional 

| LC Electronics CAD Pack L] Institutional 10 user 

1 L] Robotics & Mechatronics L] Site licence 

| L] Assembler for PICmicro 

1 L] ‘C’ for PiCmicro 

! [] Flowcode for PICmicro 

1 L] Digital Works 3.0 

1 

H C1 PiCmicro Development Board (hardware) 

! [] Development Board UK plugtop power supply 

I L Development Board 25-way connecting lead 

| [J Teach-In 2000 + FREE BOOK 

H LC Electronic Components Photos 

' CO Electronics In Control — Single User 

1 CL] Electronics In Control — Multiple User Note: The software on each version is 

! (] Modular Circuit Design — Single User the same, only the licence for use varies. 

: C1 Modular Circuit Design — Multiple User 

VULNS! esis scege nares g doicadch grbiat lent cas ect eaieleary Geb way edhe b Gust d dhe didencbee, Serer thee bud elena Sea 

POGTOSS 2: ox iit aces, ant cto is mimosa tee aun iavirenzatis, wetness My uennensh eat b tye ienatcnc atta aay i csc pvc av ge ae thc sae loro laaatlar 

Bie fesedeuc ec tected ts wi ge ee ae pe tn he 

aiséctbanag Se caplan ds iam pe chs a desnuda tena POSE CODG $25. 2 dsine tae ngs e ICL. NOE, sc eiiiaods oot eee aoe 

IQMAUUTSS sees wists, aarti See watlals de oMemealat A alk, jects ce ate ates tl catcenl its a ec icly kiana sta iciniatl ct Son esew ll aie 2 


(1! enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ 
CJ Please charge my Visa/Mastercard/Amex/Diners Club/Switch:£ ....... Card expiry date: 


Gat ING is ectiss citeatiee) pba i degen beep detiaaich ate ee Gear eee ana Dae areanig ae Switch Issue No.......... 
Card Security Code.......... (The last 3 digits on or just under the signature strip) 
i i i ee eee eee eee ee eee 
494 


ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 
price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 
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SURFING THE INTERNET 


NET WORK 


ALAN WINSTANLEY 


Pay the PayPal way 


M* THANKS to David Preston who emails: 


“T’ve enjoyed your last two features on the delights of eBay. 
PayPal is a good method of payment but does have a few limita- 
tions. If, for instance, you have an online subscription it is easy to 
forget it is active, unless looking at the ‘My account’ tab in PayPal. 
I’ve only had a few cases where money is exchanged but the goods 
haven't arrived. On the plus side, it’s a great way of selling goods 
to foreign buyers, especially to the US.” 


In last month’s Net Work, the online credit card processing com- 
pany PayPal (https://www.paypal.com) was outlined. PayPal is an 
online card processor with a difference, because it operates an 
account-based system. Acting as a virtual credit card “swipe” 
machine and cash register all in one, 
PayPal enables you to buy online for 
free, or sell online for a small commis- 
sion (up to 3-4% + 20 pence for Sterling 
transactions). They can charge your cus- 
tomer’s credit or debit card and receive ee 
monies on your behalf, the cash being 


Pappa. 


Hietery 


held in the seller’s PayPal account. 

Sounds easy — and in most cases the 
system works perfectly, and I have pur- | 2°" “Se “SS 
chased a number of items through PayPal) | "=" te" ——— 
with no problem at all. In some coun- a= . 


tries, you can empty the cash register by | ===" 
transferring from your PayPal account 
into your own registered bank account. 

However, from the seller’s point of 
view, the system is not foolproof and 
there is scope for things to go awry. It 
seems that if any query arises over the 
conduct of an account or transaction, there is a likelihood that a 
PayPal account will be suspended pending further enquiries. This 
denies the seller access to his sales revenue, which can prove frus- 
trating or damaging to a small business. 

Peter Crowcroft emailed from Hong Kong with his own experi- 
ences of PayPal: 


“T joined PayPal in January 2002. It was easy to use and I liked 
it. Then in August 2002 my account was suspended and I was asked 
for passport, identification, etc. No problems, I faxed copies. On 
August 27 I received two emails saying I was back on line. Then on 
August 31 I was again suspended for no reason. 

Now, one cannot email PayPal. And I am not going to try to 
phone. At the time of writing they owe me US$44.99. After several 
frustrating months and after quickly realized by Googling “PayPal” 
that many other people have been similarly treated, I am now part 
of a class action lawsuit against PayPal at www.girardgibbs.com/ 
paypal.html. 

Ihave an unblemished record but never have I been so poorly treat- 
ed by an American company, and I am certainly not the only ‘victim’”. 


Also on the web is the well-known web site www.paypal 
sucks.com that publishes real-life examples of bad experiences or 
poor treatment received at the hands of PayPal. The web site 
www.nopaypal.com has more feedback as well. 

Highlighted is the fact that if you are outside the US and selling 
through PayPal, in effect you are using an offshore account to man- 
age your online sales income, and for what may be a quite trivial 
reason, the account could be suspended without warning. 
Individuals have no Ombudsman to complain to, either. 
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mare] sponte ly? You do ultimately get your money 


PayPal’s accounting system in “simple view” 
makes the details of transactions easier to follow. 


Trying to take a balanced view of all this however, it should be 
recognised that online payments have grown exponentially over 
recent years, and if a system is developed that is generally workable 
and easy to use, then a large uptake can wrong-foot the supplier, 
causing all sorts of problems. Service invariably suffers and vendor 
companies have to play catch-up afterwards. Security is also gener- 
ally far tighter due to the risks of stolen credit cards and money 
laundering, so the PayPal account holder will probably not receive 
the benefit of the doubt when questions are asked. 


Tread Carefully 


Of some concern is the risk that a legitimate PayPal account 
could be suspended at a stroke. For this reason alone, I never advise 
sellers to rely solely on such an account for handling mainstream 
sales revenue, because when things go wrong it may be difficult or 
frustrating to get the account restored. 

What also concerned the writer was 
the way in which it was supposedly free 
to sign up, but in fact a $1.95 test trans- 
action is involved. PayPal is not up-front 
about this, so what else is lurking in the 
small print that isn’t made clear initial- 


back (my thanks to reader Nigel 
Warburton for reminding me, as I failed 
to mention this last month). On the plus 
side, a $5 New Account bonus has been 
now paid into the writer’s account as 
promised. A pint of beer, on PayPal — 
cheers! 

The class action lawsuit mentioned 
earlier complains of the lack of a cus- 
tomer service contact number and the 
unlawful freezing of consumer 
accounts. As evidence that PayPal is slowly getting its act together, 
in April this year PayPal launched in the UK a 24 hour telephone 
support line (which is 0870 730 7191) and we’re told to watch for 
further improvements in the future. 

I would also add that when I queried PayPal myself by email con- 
cerning changing the name on a Premier account, I received a per- 
sonal reply within the hour and had no problems whatsoever. 
Overall, there is no doubt that the system is indispensable and works 
perfectly for most users, but there have been some bad-luck stories 
and businesses who are considering using PayPal for sales should 
tread carefully, take their time and have their eyes wide open. 


Shopping System 

If you are thinking of using PayPal to process credit card sales, 
then having set up an account, the easiest way is to cut and paste 
some HTML buttons into a web page. An example is at www.dart 
moor-cellars.co.uk which at the time of writing uses PayPal to sell 
cufflinks and small jewellery. A range of very simple shopping cart 
options is provided by PayPal: follow the Merchant Tools link on 
the home page. 

Buy Now buttons can be pasted into your own web pages, or a 
full shopping cart system is also available, again set up using 
simple cut and paste. PayPal also offers a simple, ready-made 
solution for the collection of donations. All you then need to do 
is copy the pages onto a web server using FTP, and you’re trad- 
ing online. 

Coming up — we’ll be looking again at broadband and other offer- 
ings, checking out domain names and covering other Internet-relat- 
ed topics in the next few months. You can email me at 
alan @ epemag.demon.co.uk. 
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Special Review 


FLOWLGG LI 
REVIEW 


ROBERT PENFOLD 


Putting the data logging, control and 
measurement PC add-on through its paces. 


logging, control, and measurement, 
and it is primarily aimed at the edu- 
cation market. However, it should be of 
interest to individuals wishing to learn 
about and experiment with PC interfacing. 
Flowlog is available in two versions, and it 
is the more basic “Lite” version that is 
reviewed here. This is a bare board with 
three sockets and a three connector blocks 
to accommodate the inputs and outputs. 
The Standard version is essentially the 
same, but fitted in a plastic box with 4 mil- 
limetre sockets instead of the connector 
blocks. The Lite version has a foam rubber 
pad on the underside to protect work sur- 
faces. Presumably the PIC processor at the 
heart of the unit is hidden away under this 
pad, because it is not visible on the top side 
of the good quality fibreglass circuit. 


INS AND OUTS 


In fact there are only a few components 
on the top side of the board, which is 


FP iiesine is a PC add-on for data 


dominated by the battery holder for six AA 
size batteries. There is also an on/off switch, 
a power indicator l.e.d., and a socket for a 
battery eliminator. The latter is not supplied 
as standard with the Lite version of Flowlog. 

Connection to the PC is via a printer 
port and a standard PC parallel cable. Note 
that this must be the type of cable that has 
a 25-way “D” connector at each end, as 
used with some scanners and other parallel 
peripherals. A PC printer cable having a 
Centronics connector at the peripheral end 
is not suitable. A parallel cable is available 
as an optional extra if you do not have 
something suitable. 

The connector blocks provide four digi- 
tal inputs, four power outputs, and two 
analogue inputs. The power outputs pro- 
vide about 8 volts when switched on and 
can be used to drive relays, indicator 
lights, etc. An optional solderless bread- 
board can be connected to this block, but it 
should be easy to use it with any prototyp- 
ing system. 


The Flowlog Lite hardware. 
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There are a few components fitted on 
the top side of the board, and three of these 
are built-in sensors. A diode acts as a tem- 
perature sensor, a cadmium sulphide cell 
provides light sensing, and an electret 
microphone insert enables the unit to 
detect sounds. Three telephone style sock- 
ets enable the unit to be used with a range 
of external sensors that are available as 
optional extras. Two of these sockets 
provide analogue inputs and the third is a 
digital type. 


SOFTWARE 

With something like this the hardware 
is only half the story. It is important to 
have good software to support the hard- 
ware, which is of no practical value with- 
out proper software. The supplied soft- 
ware is in the form of a single program, 
but it has three sections that deal with 
data logging, control, and electrical 
measurement. 

The dialogue box of Fig.1 appears when 
the program is launched, and this gives the 
option of selecting one of the three main 
categories and then a function within that 
category. Alternatively, there is the option 
of simply going straight into the main pro- 
gram. The main program has the usual 
menu bar at the top and a small toolbar just 
beneath this. The status of the interface is 
indicated to the right of the toolbar, and 
this says “OK” if the interface is detected 
properly. A “Not connected” message indi- 
cates that there is a problem. 

The New Scope option of the Scope 
menu is a good place to start. This pro- 
duces a window like the one of Fig.2, a 
form of virtual dual trace oscilloscope. 
Radio buttons give a choice of digital or 
analogue operation. The two modes have 
different controls, and it is the analogue 
version that is shown in Fig.2. In the ana- 
logue mode the sampling rate is given as 
25kHz and there are two channels avail- 
able. A somewhat faster rate would be 
desirable, but 25kHz gives reasonable 
results with most audio signals. 

The converter has 10-bit resolution, 
which is high enough for good accuracy 
but low enough to avoid noise problems. 
Fig.2 shows the display of two a.c. wave- 
forms. In the digital mode there are four 
inputs and the maximum sampling rate is 
given as 100kHz. 

The timebase runs from 0-1 to 100 mil- 
liseconds per division using the standard 1, 
2, 5, 10 progression. Each channel has an 
input voltage range of 0 to 5 volts, and six 
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datalogging e controle electrical measurement 
vo9 
Detalogging | Conmol | Elecincal Measurement | 
What do you want to do. 
© Satup a detalogging task. 


© Open e new live greph 
(© Retieve stored data from FlowLog 
© Just stort this program 


Fig.1. There are various options avail- 
able when the program is launched. 


levels of scaling are available from 0-05 to 
2 volts per division. Each channel can 
monitor one of the built-in sensors, one of 
the two external analogue inputs, or a digi- 
tal input. The trigger options are none, ris- 
ing edge, and falling edge, and channel A 
or channel B can be used as the trigger 
source. The trigger level is adjustable from 
0 to 100 percent. The virtual rotary con- 
trols are adjusted by simply left-clicking at 
the required new setting or by dragging a 
control knob to a new setting. 


GRAPH 


Signals that change very slowly are han- 
dled by a separate graphing routine. New 
Graph is selected from the Graph menu, 
and then one or two signal sources are 
selected via submenus. Fig.3 shows a 
graph being produced, it is monitoring the 
light level using the internal light sensor. 
One of the buttons on the toolbar produces 
a dialogue box that enables the scaling to 
be adjusted, but the automatic scaling does 
quite a good job. It is possible to zoom in 
and move along the graph, making it easy 
to carry out detailed checks when large 
amounts of data have been stored. 

With the virtual oscilloscope there are 
facilities to print and save screen images, 
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Fig.3. This graph shows the light level received by the built-in light level sensor. 


but there are many more options available 
with the Graph function. Data can be 
exported in the standard CSV spreadsheet 
format for example, or data can be opened 
in Microsoft’s Excel on a_ suitably 
equipped PC. Screen images can be saved 
to disk or copied to the clipboard. Data can 
be saved to disk and loaded again at a later 
time. Text can be added to graphs, to show 
what instigated various changes in the 
graph for example, in addition to a facility 
for adding a title. 

There is a Meter facility that enables the 
values from sensors to be displayed in real- 
time on a digital display. This can be used 
on its own so that the unit operates as (say) 
a digital thermometer, or the readout can be 
used in addition to one of the other facili- 
ties, such as the graphing type. 
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Fig.2. The Flowlog oscilloscope display. 


IN CONTROL 


The Control section of the program pro- 
duces a small window where programs can 
be entered. The code is entered in the main 
part of the window on the left, which is 
subdivided into two sections. A narrow col- 
umn down the left-hand side is included for 
labels that can be used with program 
instructions such as GOTOs. The main area 
to the right of this is for the program 
instructions themselves. Down the extreme 
right-hand side there are several buttons 
marked with the names of program com- 
mands such as Repeat, Until and Delay. 

An instruction is added by dragging 
from one of the buttons to the appropriate 
point in the program listing. This usually 
produces a dialogue box so that the appro- 
priate parameters can be entered. In Fig.4 
for example, a Repeat...Until instruction 
has been selected. The menu on the left is 
used to select a signal source such as the 
built-in temperature sensor or an external 
source. The menu to the right of this is used 
to choose between less than or greater than, 
and then the slider control is used to select 
the required value. In the example of Fig.4 
the loop will repeat until the temperature is 
less than 24.89°C. 


DATA LOGGING 


Selecting the New Task option from the 
Datalog menu launches a wizard that 
enables the required parameters to be pro- 
grammed into the Flowlog unit. For 
instance, the required event to trigger log- 
ging can be selected, or logging can be 
started immediately. The signal source or 
sources are specified, and so is the sam- 
pling rate. Eventually a full set of parame- 
ters is produced and displayed by the wiz- 
ard (Fig.5). The program can then be run 
and the results displayed on a graph. 


CONCLUSION 


The Flowlog hardware is well made and 
has a useful range of features. There are 
various add-ons available to extend its 
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Fig.4. Program lines are added using a 
drag and drop system. 


capabilities, and it should be possible to 
use it with any breadboard or prototyping 
system to “do your own thing”. The soft- 
ware supplied with the review unit is a pre- 
production version, and a bit of clipping 


Fig.5. A wizard is used to produce the 
required set of data logging parameters. 


occurred on the oscilloscope control panel 
when the program was used with a high 
resolution screen. All the major features 
are present and working though, and the 
pre-production software is perfectly 
usable. No problems with instability were 
experience when using the system under 
Windows ME or XP. There is no printed 
manual, but there is the usual Help system 
and some useful tutorial videos are includ- 
ed on the installation CD-ROM. 


Flowlog Lite is a useful device in its 
own right that could be used for scientif- 
ic experiments or to learn about comput- 
er interfacing. Its versatility is greatly 
enhanced by the wide range of add-ons 
that are available, such as sensors and an 
instrumentation amplifier. The optional 
sensors cover things as diverse as mag- 
netism, flow rate, pH, and relative 
humidity. 

At £99 plus £5 for a parallel cable the 
Flowlog Lite is very reasonably priced. 
The software is not an expensive extra and 
is included as standard. If mains rather than 
battery operation is preferred, a | amp 
mains power supply unit is an additional 
£10. These prices exclude £7.50 for deliv- 
ery and VAT. It is certainly a system that 
can be recommended for educational use 
or for the hobbyist. 

For more details contact: Matrix 
Multimedia Ltd, The Factory, Emscote 
Street South, Halifax, HX1 3AN. Tel 0870 
700 1831. Fax 0870 700 1832. 

Email sales@matrixmultimedia.co.uk. 

Web www.matrixmultimedia.co.uk. 
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Constructional Project 


JOHN BECKER 


Ancient and modern techniques aisplay 
timely briliance on a grand scale! 


AST month we described the circuit 

and construction of the P/Cronos 

L.E.D. Wall Clock. This month we 
conclude by describing its software and 
setting-up. 


FIRST CHECKS 


Having thoroughly checked the board, 
apply power and immediately check that 
the output of regulator IC2 is at SV, within 
a few per cent, and that the output of regu- 
lator IC3 can be varied by VR1 from about 
1:5V to 10-6V (assuming a 12V power 
supply input voltage). 

If all is well switch off the power and 
insert the pre-programmed PIC. Whilst the 
board has connections (TB1) which allow 
the PIC to be programmed in situ, brand 
new PIC16F877s should be programmed 
for the first time in a PIC programmer, 
with no external components connected 
to other PIC pins. 

This restriction is due to the configura- 
tion set for the PIC16F87x family of 
devices during manufacture. (The same 
also applies to PICs in the *F62x family.) 

Once the PIC has been programmed, 
further programming can then be per- 
formed in situ on the PICronos board. For 
instance, you might want to modify some 
of the author’s code to suit your own pref- 
erences. Re-programming on-board can 
then offer considerable advantages. 


RING TIME 


With the programmed PIC in place and 
the power on, the two rings of Le.d.s 
should be “active”. The outer ring should 
have one l.e.d. turned on, indicating the 
hours time that the programming currently 
thinks exists. The timing and correction 
values used at this time are those last used 
by the author as data statements in the 
source code (applies only to PICs that have 
been programmed with the embedded data 
statements in the HEX file), and could 
have any value. 

The inner ring should show two active 
l.e.d.s., indicating the seconds and minutes 
counts respectively. Apart from the central 
“colon” no other |.e.d.s should be on. 

Check that all |.e.d.s in the inner ring 
come on at some point during a one minute 
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cycle. If any do not, check that they are 
inserted the correct way round, and that 
both their leads are soldered! The same 
check should be made with the other Le.d.s 
as appropriate once the clock is fully 
running. 

Ignore the switches for the moment. 


TEMPERATURE 


Before checking the digits display, 
insert temperature sensor IC6 and op.amp 
IC7. Carefully measure the voltage 
between the sensor’s output and negative 
(—) pins on a digital multimeter, set to a 
range suited to monitoring up to +5V d.c. 

Note the voltage shown. The sensor has 
an output that changes by 0-1V per degree 


Part Two 


A mild day, 19-2°C, at 5.10 p.m., 42 seconds and counting! 


Celsius in relation to the voltage at its neg- 
ative pin. Zero volts between the output 
and negative pins indicates a temperature 
of 0°C. Consequently, the ambient temper- 
ature experienced by the sensor will be 
displayed by the reading on your meter in 
millivolts. Thus, if your meter shows 
205mV, the ambient temperature is 
20-5°C. 

Warm the sensor between your fingers 
and observe how the meter reading 
changes, probably upwards. 

Now check the voltage at the output of 
the op.amp at pin 14. It should change in 
sympathy with the voltage across the two 
points just measured, but at an amplified 
value of x10 per °C. There will, however, 
be a bias voltage at the op.amp output, typ- 
ically in the region of about 2-5V. This is 
due to the sensor’s negative lead being 
raised above OV by the two diodes, D176 
and D177, at about 0-6V per diode. 
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This displacement is taken care of later 
through the software, as will be discussed. 
For the moment, note the output voltage at 
IC7 pin 14. 


DIGITS CHECK 


You are now in a position to check the 
four display digits. With the power still on, 
first adjust preset VR1 for a the maximum 
possible output voltage at regulator IC3, 
and note the value. 

Then switch off and insert IC4 and ICS, 
the interface devices that power the “digit” 
Le.d.s. 

Applying power again, check that the 
outputs of both regulators are still at SV for 
IC2 and the noted value for IC3. 

Observe the digits, checking in particu- 
lar that all l.e.d.s in each segment come on 
at some stage. Correct the cause if any do 
not (with the power off, of course). Check 
that their brilliance can be changed using 
potentiometer VR1. 

Next observe the specific behaviour of 
the digits in terms of what they display. A 
cycle of three values should be seen repeat- 
ing, changing every five seconds. 

The cycle should show hours and min- 
utes in the form hh:mm, date in the form 
dd:mm, and temperature in the form 20:6° 
(the ‘c’ — for Celsius — occupying segments 
a, f, g, and the colon representing a decimal 
point). 

All four digits will be always be active 
whenever time is displayed. With the cal- 
endar data, any leading zeros of the “tens” 
will appear blank. The “tens” digit of the 
temperature display will also be blanked 
for values less than 10. 

While watching the digits, also note that 
the ring displays indicate the time values, 
appropriate to the numerical values of the 
digits when hours and minutes are shown. 

The temperature display is likely to 
show an inaccurate value at this time, 
although it should still change if the sen- 
sor’s temperature is changed. 


ALIGNMENT 


Two paths are provided for aligning the 
clock values to those that actually exist. 
The main path is concerned with values 
that you occasionally have to change with 
any calendar clock — current time, month 
and day of month. 

The second path allows correction of 
less likely factors to be made, the accuracy 
of the clock’s time keeping (is it gaining or 
losing?), the range of the temperature dis- 
play (is it showing too hot or too cold?), 
and of the year (although this is never dis- 
played except in correction mode). 

The main path is more appropriate to 
use first. There are several modes within 
this path and they are selected in order by 
switch $2. The values displayed within 
each mode are changed by switch S1. 
The value only increments (counts 
upwards), rolling over to an appropriate 
start value once an upper value has been 
reached. 

The modes will now be discussed in 
turn, and in the order that occur for each 
press of switch S2. 


7. MONTH VALUE 

When S2 is pressed while the clock is 
still in the normal time-keeping display, the 
first correction mode entered is that for 
changing the month value. This is in 
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numerical form, from 
1 to 12. It is not possi- 
ble to display the 
months in an alpha- 
betical form with 7- 
segment displays. 

It is only the month 
value displayed (in 
the two right-hand 
digits). The days dig- 
its are blanked. The 
Le.d. rings are also 
blanked. 

Momentarily press- 
ing switch S1 incre- 
ments the displayed 
value by one unit. Holding it pressed caus- 
es it to repeatedly increment at a rate of 
about twice per second. After passing 12 it 
will roll over to 1. A pause of up to half a 
second may be experienced between the 
switch being pressed and a response seen. 


@. DAY OF THE MONTH 


When in the previous mode, pressing 
switch S2 causes the next mode to be 
selected — days of the month. Again only 
those digits required for correction are dis- 
played, on the first two digits this time, 
with the months digits blanked. The l.e.d. 
rings remain blanked. 

The maximum days count for any month 
is that appropriate to the month in question, 
including February in relation to leap years 
(see later). 

Pressing switch S1 increments the days 
count, rolling over to | following the max- 
imum for the selected month. 


3. HOURS CHANGING 


Pressing switch S2 now calls up the 
hours correction mode. The hours are dis- 
played in the first two digits, while the 
other two digits (the minutes) are blanked. 
In this mode the hours Le.d. ring is made 
active. 

Pressing switch S1 increments the hours 
digits in a 24-hour cycle, recommencing 
from 0 when 23 has been passed. The l.e.d. 
hours ring will also been seen to increment, 
although it functions on a 12-hour basis, as 
with a standard analogue clock. 


4, MINUTES 
CHANGING 


The next press of switch S2 enters the 
minutes changing mode. Minutes are dis- 
played in the right-hand digits, with the 
left-hand digits blanked. The hours lL.e.d. 
ring is blanked, but the minutes ring is 
activated. 

Switch S1 causes the minutes to incre- 
ment between 0 and 59, rolling over to zero 
following 59. The count is displayed on the 
digits and on the L.e.d. ring. 

The next press of switch $2 ends the 
main correction cycle. At this point, the set 
date and time values are stored to the PIC’s 
data EEPROM, where they remain even if 
the power supply should cease. They are 
automatically recalled when power is 
restored. 

Immediately following the data storage, 
the inner ring of l.e.d.s cycles rapidly 
through all 60 positions, and continues to 
do so until switch S2 is released. At that 
moment the seconds count is set to zero 
and real-time clock display is resumed, 
using the newly set values. 

Note that in any of the above correction 


Setting the day of the month. 


modes, if a value does not need changing, 
just press switch S2 again to bypass it. 


SECONDARY 
ALIGNMENT 


The second alignment path is concerned 
with three values — the accuracy of the 
clock’s time keeping, the correctness of the 
temperature display, and the setting of the 
year value. 

This path is activated by pressing switch 
S3. Within the path’s modes, switch S1 
continues to increment values when 
pressed, but switch $2 now causes them to 
decrement, in other words, a plus and 
minus count facility now applies. 


TIMING ACCURACY 


Even though the clock is crystal con- 
trolled, its timing accuracy can still drift 
with time. This is due to low-cost crystals 
such as used with microcontrollers being 
subject to a manufacturing tolerance. This 
factor is not always quoted in manufactur- 
ing data sheets, nor is it of relevance in 
many microcontrolled designs. 

It becomes important, though, in a real- 
time clock situation and so such a clock 
requires some form of timing adjustment to 
be included. In some applications a small- 
value trimmer capacitor may be included 
with the crystal circuit. It is, though, com- 
paratively easy to implement correction 
through software in conjunction with plus 
and minus switches. 

The technique used in this design is sim- 
ilar to that used in the author’s Canute Tide 
Predictor of June ’00. Three counting reg- 
isters are allocated in relation to the pre- 
seconds count, and three registers which 
hold a changeable timing factor. 
Effectively, it is a fractional value having 
many decimal places. 

The default value for the correction reg- 
isters is in the binary form of: 


10000000 00000000 00000000 


that is, three bytes of which the most sig- 
nificant byte (MSB - left-hand byte) holds 
binary 10000000 (128 decimal), 

The PIC’s internal Timer 0 (TMRO) is 
set in software for its pre-count register to 
divide the clock cycle rate by 1:4 
(ADCONDO is set with a binary value of 
00000010 during the PIC’s initialisation 
routine). 

The PIC automatically divides its con- 
trolling crystal rate by four. Each of these 
subdivisions is regarded as one PIC clock 
cycle. The pre-count divider is decrement- 
ed by each clock cycle. Each time the 
divider rolls over to zero, an interrupt flag 
is set. The divider is then reloaded with its 
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preset division value (four in this case). 
The effective rate is 1/400 of a second 
(400Hz). 

In this application, the PIC’s interrupt 
procedure is not activated and the status of 
the flag is simply read by the software, 
Each time the flag becomes set, the soft- 
ware resets the flag to zero and decrements 
a counter which has initially been set to 
200. The pre-count cycle then starts again 
and the process is repeated. 

When the “200” counter has reached 
zero, the three bytes of the above timing 
value are added to the three bytes of the 
registers associated with the fractions of a 
second count. 

It will be seen that if these three frac- 
tional counters start at zero, then adding 
the timing value twice will cause bit 7 of 
the MSB to rollover to 0, i.e. 128 + 128 = 
256, which equals 0 for an 8-bit byte (you 
need to understand binary to follow this 
argument!). Because MSB rollover has 
occurred during an adding procedure, the 
PIC’s Carry flag becomes set. If MSB 
rollover has not occurred, the Carry flag 
remains unset. 

Each time the Carry flag is found to be 
set, a true seconds counter is incremented. 
When it rolls over beyond 59, it is reset to 
zero and a minutes counter is incremented. 
When it rolls over beyond 59 it too is reset 
and the hours are incremented. Similarly, 
the clock and calendar values are incre- 
mented and reset as a ripple effect when 
appropriate through the chain of values. 

It will be seen that if the MSB of the tim- 
ing value is actually set to binary 10000001 
(129 decimal), then the additive cycles will 
cause the Carry flag to become set more 
quickly than in the previous case, resulting 
in the clock’s timing running faster. 
Equally, it will be seen that an MSB binary 
value of O1111111 (127 decimal) will 
cause the clock to run more slowly. 

At the far end of the correction scale, it 
should be obvious that by changing the 
value in the least significant byte (LSB — 
right-hand byte) even smaller fractional 
corrections can be made. Have a think 
about what a difference of just one unit 
between LSB values can achieve in terms 
of the clock’s accuracy — not quite infini- 
tesimally small, but close! 


ADJUSTMENT 
CONSIDERATIONS 


Timing accuracy adjustment is the first 
option offered when switch S3 is pressed. 
In this mode both digits and seconds l.e.d.s 
are activated. Although the discussion in 
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the previous section implied that a single 
bit of the LSB could be affected to change 
the timing, in practice there is a physical 
constraint. 

The constraint is due to the best rate of 
response of the plus/minus switches being 
about half a second. Any faster response 
could adversely test the response time of 
the user — resulting in overshoot beyond 
the value required. 

However, a response time of half a sec- 
ond becomes a problem when the value of 
the second byte needs changing by just one 
unit. The user could well have to sit with a 
finger on the button for possibly 256/2 = 
128 seconds while byte one, the LSB, 
increments from zero and rolls over to 
cause the increment in byte two. Tedious to 
say the least! 

This is especially true in the early days 
of the clock being put into service, when 
changes to any of the bytes may be 
required to bring the timing accuracy into 
range. Ideally, another switch is required 
for this aspect, but it would have been 
extremely complicated to implement a 
fourth switch since all PIC pins are other- 
wise in use. 

Consequently, the value changes in the 
LSB have been set at eight units change per 
switch press, resulting in a maximum of 32 
changes being required to affect byte two. 
It is acompromise, but the end result is still 
a remarkable degree of timing accuracy 
that can be achieved. 


ADJUSTING 
FRACTIONS 


The value of the LSB is displayed via 
the seconds Le.d. ring. Prior to activating 
the required l.e.d. the LSB value is divided 
by eight and the result is displayed on the 
appropriate l.e.d., between positions (sec- 
onds) 0 and 31. 

Any rollover of the LSB, upwards or 
downwards, accordingly changes byte two 
by one unit. 

Putting the effect of this into context, the 
author’s clock when first tested using the 
MSB set to binary 10000000 (decimal 128) 
and with the other bytes at zero (i.e. no cor- 
rection), gained 10 seconds in about 20 
hours. 

Lowering the MSB value by one unit (to 
binary 01111111, decimal 127) to slow 
down the clock caused it to lose about 23 
seconds in a similar period. 

Progressively adjusting the values in the 
correction bytes between the upper and 
lower extremes just stated, the correct set- 
ting for the three bytes was established at 


decimal 127, 127, 250. During this proce- 
dure, the clock was typically left to run for 
about 12 to 20 hours between settings, with 
much extended periods the nearer the 
required final value became. Simple maths 
were also used to estimate the next setting 
that should be tried in relation to the previ- 
ous two. 

A similar procedure needs to be per- 
formed by everyone building this clock, 
although you may be fortunate enough to 
be supplied with a crystal whose exact 
value is nearer to the ideal of 
3276800-00Hz. 


TIMING ADJUSTMENT 


Once the timing accuracy adjustment 
mode has been entered, the current value of 
the LSB (divided by eight) will be dis- 
played on the seconds l.e.d. ring as 
described. In a sense this display can be 
regarded as the “fraction” of the change in 
units of the other bytes, whose value is dis- 
played on the digits Le.d.s. 

These values are displayed in relation to 
a plus and minus value, not the actual byte 
values just discussed. Zero correction 
(when the MSB is set at decimal 128, and 
the other bytes at 0) is just displayed as 0. 
Each change of the value in the second 
byte is then represented as a change of 
units from the so-called zero value repre- 
sented by bytes one and two, preceded by a 
minus sign on the left-hand digit for nega- 
tive values. 

The three other digits are used for the 
numerical value, allowing a correction 
range of —999 to 0 to 999 to be displayed. 
The fractional values in byte three are 
shown on the Le.d. ring, lying between 0 
and 31 as discussed. The author’s above 
correction byte values are thus displayed as 
“_: 6” on the digits (leading zeros 
blanked). Ignore the colon’s presence in 
this mode — it does not represent a decimal 
point. 

Switches $2 and S1 increment or decre- 
ment the count as required. 


TEMPERATURE 
ADJUSTMENT 


Pressing switch $3 while in the timing 
adjustment mode causes the temperature 
adjustment mode to be entered. As in the 
main display, the four digits show the tem- 
perature in the form of 20-6°. 

Because the amplifier around IC7 pro- 
vides a gain of x10 within the tolerance of 
the resistors (one per cent), it is only the 
range of the display value that needs 
adjusting, either upwards or downwards 
(but note reference to VR2 and R30A in 
Part One). 

Again switches S1 and S2 provide 
plus/minus adjustment. Calibration of the 
display can be made in one of two ways. 
With both of them the unit should have 
been left switched on for several minutes 
for its operating temperature to stabilise 
before making changes. 

The first method is to place an accurate 
(mercury filled) thermometer alongside the 
sensor. Wait for its temperature reading to 
stabilise in that position. Using the switch- 
es, then adjust the display value until it cor- 
responds with the thermometer reading. 

The second method is to monitor the 
voltage across the sensor’s output and 
minus pins (as done earlier), and then to 
adjust the display value accordingly. 
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YEAR ADJUSTMENT 


The clock software has been made “mil- 
lennium compliant”, up to the year 9999! 
To set it for the correct year, press switch 
S3. On releasing the switch the display will 
show 2003. It can be incremented (or even 
decremented) by using S1 and S2 as before. 

The years value is never shown when the 
clock is running “in real time”, but the 
value is used to assess whether February 
has 28 or 29 days. If you happen to be set- 
ting up the clock for the first time on 29th 
February of a leap year, year setting should 
be done prior to setting the month and its 
days. Otherwise it can wait until later. 

When satisfied with the years display, press 
switch S3 again, causing the new correction 
values to be stored into the EEPROM 
memory, as before. Again the l.e.d. ring is 
fully activated and when the switch is 


released, the seconds count is set to zero and 
the clock resumes its normal role. 

In either of these three correction modes, 
if a value does not need changing, just 
press switch $3 again to bypass it. 


MODE FREEZING 


A final facility has been included with 
the clock — to “freeze” the cyclic display 
mode changing on any function, clock, date 
or temperature. Press switch S1 when the 
required display is shown, wait about a sec- 
ond, release it and the cyclic change stops. 
It resumes again next time S1 is pressed. 


TIMELY DEPARTURE 


It just remains for the author to thank 
Fernando for inspiring him to design this 
clock. It has been a challenge in several 
ways, but principally because of the neces- 
sity to maintain high speed multiplexing at 


all stages without visual flicker. 

Readers familiar with PIC programs 
might care to see how many repeated sub- 
routine calls associated with multiplex 
maintenance are included, especially in the 
adjustment and calibration routines. If any 
of you think you can simplify it all — well, 
maybe you can, if you “have time on your 
hands’, and good luck if you do try it. 

Despite the complexities of achieving 
this design, it has been time well spent and 
the end result was worth the effort! 


Now, where can this design be hung on 
the overcrowded walls of the workroom? ... 


PLEASE TAKE NOTE 
Part 1, June ’03, Fig.5, IC5 pins | and 9 
should be connected to the +5V line, not 
OV. The p.c.b. is correct. 


VINTAGE RADIO SERVICE DATA CD-ROMS 


A range of CD-ROMs containing service sheets for around 
three thousand different domestic receivers mainly made 
between the 1930s and mid 1960s 


~ oem oe 


VINTAGE RADIO SERVICE DATA - VOLUMES 1 to 3 by Paul Stenning and Peter Foden 
These CD-ROMs contain service sheets for domestic receivers from over 100 different manufacturers — Ace, AEI and 
Aerodyne to World, Zenith and Zetavox. Approximately 1,000 different models from various manufacturers are covered 


on each CD-ROM. 


A complete list of contents for each CD-ROM is available from our website at www.radiobygones.co.uk. The list is far too 
long to publish here, covering approximately 30 sides of A4 paper. 
All information contained on the CD-ROMs is in PDF form and requires Adobe Acrobat Reader (included on each CD-ROM). 
System requirements: Windows 95 or above, 20MB hard drive space. NOTE: Since the data on these CD-ROMs can be printed out 
we are only able to exchange disks if faulty, we cannot offer a money back guarantee. 


Ee a a ae ee ee eee a ee a 1 
VINTAGE RADIO SERVICE DATA — CD-ROM ORDER FORM I 

I 

Please send me .............. (quantity) Radio Service Data Vol 1 | enclose cheque/P.O./bank draft to the value of £ ......... I 
Please charge my Visa/Mastercard/Amex/ I 

Please send me .............. (quantity) Radio Service Data Vol 2 Diners Club/Switch£......... I 
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Please send me .............. (quantity) Radio Service Data Vol 3 


Price £15.95 each — includes postage to anywhere in the world. 


Card No. 


Card Security Code 


SEND TO: Wimborne Publishing Ltd., 
408 Wimborne Road East, Ferndown, Dorset BH22 9ND. 
Tel: 01202 873872. 
Email: orders @ wimborne.co.uk 
Payments must be by card or in £ Sterling — cheque (payable to 
Wimborne Publishing Ltd) or bank draft drawn on a UK bank. 
Normally supplied within seven days of receipt of order. Send a copy 
of this form, or order by letter if you do not wish to cut your issue. 
Note: We use the VAT portion of the cost to pay for 


Card Expiry Date ... 


Brabois vay beBaariiis Sie (The last three digits on or 


just below the signature strip) 


Fax: 01202 874562. 


overseas postage. 
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FREE Electronics Hobbyist Compendium 
book with Teach-In 2000 CD-ROM 


EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-/n 2000 series by John 
Becker (published in EPE Nov '99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interac- 
tive software covering all aspects of the series and 
Alan Winstanley’s Basic Soldering Guide (including 
illustrations and Desoldering). 


Teach-In 2000 covers all the basic principles of elec- 
tronics from Ohm’s Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter- 
active software where you can also change component 
values in the various on-screen demonstration circuits. 


The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim- 
ple computer interface which allows a PC to be used as 
a basic oscilloscope. 


ONLY £12.45 including VAT and p&p 


Robotics 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly sophis- 
ticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together’ components supplied in the basic RIS kit. Then 
explains in simple terms how the “brain” of the robot may be 
programmed on screen using a PC and “zapped” to the robot 
over an infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC may 
be used to control the robots. 

Details building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages — large format WelgeCmeeteM =] £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS -— Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of 
the brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some sim- 
ple home constructed units. You will be able to build 
robots that can provide you with ‘waiter service’ when 
you clap your hands, perform tricks, ‘see’ and avoid 
objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid- 
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft's VisualBASIC running with the ActiveX con- 
trol (Spirit-OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 


298 pages 

ANDROIDS, ROBOTS AND ANIMATRONS — Second 
Edition — John lovine 

Build your own working robot or android using both off- 
the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert sys- 
tem and a neural network). A lifelike android hand can be 
built and programmed to function doing repetitive tasks. A 
fully animated robot or android can also be built and pro- 
grammed to perform a wide variety of functions. 

The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power 
Controllers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligence); Making a Lifelike Android Hand; A 
Computer-Controlled Robotic Insect Programmed in 
BASIC; Telepresence Robots With Actual Arcade and 
Virtual Reality Applications; A Computer-Controlled 
Robotic Arm; Animated Robots and Androids; Real-World 
Robotic Applications. 


224 pages Order code MGH1 


£14.99 


£16.99 
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DIRECT BOOK SERVICE 


NOTE: ALL PRICES INCLUDE UK POSTAGE 


The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in elec- 
tronics and computing. They are supplied by mail order to your door. 
Full ordering details are given on the last book page. 


For a further selection of books see the next two issues of EPE. 


Radio 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to 
point radio as well as the new technologies of satellites 
and cellular phones. All of these developments mean 
there is a growing need for radio engineers at all levels. 
Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 
Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and_ Filters; Modulation; Receivers; 
Transmitters; Antenna Systems; Broadcasting; Satellites; 


Personal Communications; Appendix -— _ Basic 
Calculations. 
263 pages Order code NE30 £17.99 


PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 

R. A. Penfold 

This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; 
A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts. 


Order code BP304 £4.45 


92 pages 


AN INTRODUCTION TO AMATEUR RADIO 

I. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the century. This book gives the newcomer a com- 
prehensive and easy to understand guide through the 
subject so that the reader can gain the most from the 
hobby. It then remains an essential reference volume to 
be used time and again. Topics covered include the basic 
aspects of the hobby, such as operating procedures, jar- 
gon and setting up a station. Technical topics covered 
include propagation, receivers, transmitters and aerials 


etc. 
Order code BP257 £5.49 


150 pages 

VALVE RADIO AND AUDIO REPAIR HANDBOOK 
Chas Miller 

This book is not only an essential read for every profes- 
sional working with antique radio and gramophone 
equipment, but also dealers, collectors and valve tech- 
nology enthusiasts the world over. The emphasis is firm- 
ly on the practicalities of repairing and restoring, so 
technical content is kept to a minimum, and always 
explained in a way that can be followed by readers with 
no background in electronics. Those who have a good 
grounding in electronics, but wish to learn more about 
the practical aspects, will benefit from the emphasis 
given to hands-on repair work, covering mechanical as 
well as electrical aspects of servicing. Repair techniques 
are also illustrated throughout. 

A large reference section provides a range of infor- 
mation compiled from many contemporary sources, and 
includes specialist dealers for valves, components and 
complete receivers. 


288 pages Temporarily out of print 


Computers and Computing 


MULTIMEDIA ON THE PC 

lan R. Sinclair 

In this book, you'll find out what a CD ROM is, how it 
works, and why it is such a perfect add-on for a PC, 
allowing you to buy programmes, text, graphics and 
sound on a CD. It also describes the installation of a CD 
ROM drive and a sound card, pointing out the common 
problems that arise, and then shows how to use them to 
create a complete multimedia presentation that con- 
tains text, photos, a soundtrack with your own voice 
recorded as a commentary, even animation and edited 
video footage. 


184 pages 


HOW TO BUILD YOUR OWN PC - Third Edition 
Morris Rosenthal 

More and more people are building the own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying 
and actually fun. That is, if they have a unique begin- 
ner’s guide like this one, which visually demonstrates 
how to construct a state-of-the-art computer from start 
to finish. 

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what's going on in the pictures. For non-special- 
ists, there’s even a graphical glossary that clearly 
illustrates technical terms. The author goes “under the 
hood” and shows step-by-step how to create a socket 7 
(Pentium and non-intel chipsets) and a Slot 1 (Pentium 
Il) computer, covering: What first-time builders need to 
know; How to select and purchase parts; How to 
assemble the PC; How to install Windows 98. The few 
existing books on this subject, although badly outdated, 
are in steady demand. This one delivers the expertise 
and new technology that fledgling computer builders 
are eagerly looking for. 


224 pages — large format Mie} merole(-M (C1 5 a £20.99 


Temporarily out of print 


PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDITION John Morton 

Discover the potential of the PIC micro- 
controller through graded projects — this book could 
revolutionise your electronics construction work! 


A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 

Assuming no prior knowledge of microcontrollers 
and introducing the PIC’s capabilities through simple 
projects, this book is ideal for use in schools and col- 
leges. It is the ideal introduction for students, teachers, 
technicians and electronics enthusiasts. The step-by- 
step explanations make it ideal for self-study too: this 
is not a reference book — you start work with the PIC 
straight away. 

The revised second edition covers the popular repro- 
grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families. 


Order code NE36 


UNDERSTANDING PC SPECIFICATIONS 

R. A. Penfold (Revised Edition) 

If you require a microcomputer for business applica- 
tions, or a high quality home computer, an IBM PC or 
compatible is often the obvious choice. They are com- 
petitively priced, and are backed up by an enormous 
range of applications programs, hardware add-ons, etc. 
The main difficulty for the uninitiated is deciding on the 
specification that will best suit his or her needs. PCs 
range from simple systems of limited capabilities up to 
complex systems that can happily run applications that 
would have been considered beyond the abilities of a 
microcomputer not so long ago. It would be very easy to 
choose a PC system that is inadequate to run your 
applications efficiently, or one which goes beyond your 
needs and consequently represents poor value for 
money. 

This book explains PC specifications in detail, and 
the subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, etc); Maths co- 
processors; Input devices (keyboards, mice, and digitis- 
ers); Memory, including both expanded (EMS) and 
extended RAM; RAM disks and disk caches; Floppy 
disk drive formats and compatibility; Hard disk drives 
(including interleave factors and access times); Display 
adaptors, including all standard PC types (CGA, 
Hercules, Super VGA, etc); Contains everything you 
need to know if you can’t tell your EMS from your EGA! 


Order code BP282 £5.45 


270 pages £13.99 


128 pages 
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Theory and Reference 


Bebop To The 
Boolean Boogie 


By Clive (call me 
Max) Maxfield 
Specially imported 
by EPE - Excellent 
value 


An Unconventional 
Guide to 
Electronics 
Fundamentals, 
Components and 
Processes 


This book gives the 
“big picture” of digital 
electronics. This 
indepth, highly readable, up-to-the-minute guide shows you 
how electronic devices work and how they're made. You'll 
discover how transistors operate, how printed circuit 
boards are fabricated, and what the innards of memory ICs 
look like. You'll also gain a working knowledge of Boolean 
Algebra and Karnaugh Maps, and understand what Reed- 
Muller logic is and how it’s used. And there’s much, MUCH 
more (including a recipe for a truly great seafood gumbo!). 
Hundreds of carefully drawn illustrations clearly show the 
important points of each topic. The author's tongue-in- 
cheek British humor makes it a delight to read, but this is a 
REAL technical book, extremely detailed and accurate. A 
great reference for your own shelf, and also an ideal gift for 
a friend or family member who wants to understand what it 
is you do all day... . 


BcRoP Ee 


BOOLEN 
BOOGE 


470 pgs — large format Feyce(mereye (a=) =H £26.95 


BEBOP BYTES BACK (and the 
Beboputer Computer Simulator) 
CD-ROM 

Clive (Max) Maxfield and Alvin 
Brown 


This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left off, 
guiding you through the fascinat- 
ing world of computer design .. . 


and you'll have a few chuckles, if not belly laughs, along 
the way. In addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual microcomput- 
er, simulating the motherboard and standard computer 
peripherals in an extremely realistic manner. In addition to 
a wealth of technical information, myriad nuggets of triv- 
ia, and hundreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences of 
early computer pioneers. If you're the slightest bit inter- 
ested in the inner workings of computers, then don’t dare 
to miss this! 

Over 800 pages in Adobe Acrobat format 

£21.95 including VAT and p&p 


Order code BEB2 CD-ROM 


ELECTRONICS MADE SIMPLE 

lan Sinclair 

Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an empha- 
sis on understanding how systems work rather than on 
details of circuit diagrams and calculations. It is ideal for 
students on a range of courses in electronics, including 
GCSE, C&G and GNVQ, and for students of other 
subjects who will be using electronic instruments and 
methods. 

Contents: waves and pulses, passive components, 
active components and ICs, linear circuits, block and 
circuit diagrams, how radio works, disc and tape record- 
ing, elements of TV and radar, digital signals, gating 
and logic circuits, counting and correcting, micro- 
processors, calculators and computers, miscellaneous 


systems. 
Order code NE23 £13.99 


199 pages 
SCROGGIE’S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS — ELEVENTH EDITION 
S.W. Amos and Roger Amos 
Scroggie’s Foundations is a classic text for anyone work- 
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes to 
radar, to digital tape systems and optical recording 
techniques. 

Since Foundations of Wireless was first published over 60 


years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and electronics. 
The original author Sowerby was succeeded by Scroggie in 
the 1940s, whose name became synonymous with this 
classic primer for practitioners and students alike. Stan 
Amos, one of the fathers of modern electronics and the 
author of many well-known books in the area, took over the 
revision of this book in the 1980s and it is he, with his son, 
who have produced this latest version. 


400 pages Order code NE27 £21.99 


GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experi- 
ence is assumed. Using these simple component and cir- 
cuit testing techniques the reader should be able to con- 
fidently tackle servicing of most electronic projects. 


Order code BP239 £4.49 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops thor- 
oughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh map- 
ping are explained, demonstrated and used extensively, 
and more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 


Order code PC106 £9.95 


96 pages 


200 pages 


Music, Audio and Video 


QUICK GUIDE TO ANALOGUE SYNTHESIS 

lan Waugh 

Even though music production has moved into the digi- 
tal domain, modern synthesisers invariably use ana- 
logue synthesis techniques. The reason is simple — 
analogue synthesis is flexible and versatile, and it’s rel- 
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist- 
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works; The essen- 
tial modules every synthesiser has; The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesiser — of the hardware 
or software variety — past the presets, and program 
your own sounds and effects, this practical and well- 
illustrated book tells you what you need to know. 


Order code PC118 £7.45 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains: 

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP8s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital audio 
music formats. 

Whether you want to stay bang up to date with the lat- 
est music or create your own MP8s and join the on-line 
digital music revolution, this book will show you how. 


60 pages Order code PC119 £7.45 


60 pages 


ALL PRICES 
INCLUDE UK POST 
AND PACKING 


CD-ROM prices include VAT 
and/or postage to anywhere 
in the world 
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ELECTRONIC MUSIC AND MIDI PROJECTS 

R. A. Penfold 

Whether you wish to save money, boldly go where no 
musician has gone before, rekindle the pioneering spirit, or 
simply have fun building some electronic music gadgets, 
the designs featured in this book should suit your needs. 
The projects are all easy to build, and some are so simple 
that even complete beginners at electronic project con- 
struction can tackle them with ease. Stripboard layouts are 
provided for every project, together with a wiring diagram. 
The mechanical side of construction has largely been left 
to individual constructors to sort out, simply because the 
vast majority of project builders prefer to do their own thing 
in this respect. 

None of the designs requires the use of any test equip- 
ment in order to get them set up properly. Where any set- 
ting up is required, the procedures are very straightforward, 
and they are described in detail. 

Projects covered: Simple MIIDI tester, Message grabber, 
Byte grabber, THRU box, MIDI auto switcher, Auto/manual 
switcher, Manual switcher, MIDI patchbay, MIDI controlled 
switcher, MIDI lead tester, Program change pedal, 
Improved program change pedal, Basic mixer, Stereo 
mixer, Electronic swell pedal, Metronome, Analogue echo 


unit. 
Order code PC116 £10.85" £4.95 


124 pages 

THE INVENTOR OF STEREO - THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 

Robert Charles Alexander 

This book is the definitive study of the life and works of 
one of Britain’s most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked by 
history. 

Alan Dower Blumlein led an extraordinary life in which his 
inventive output rate easily surpassed that of Edison, but 
whose early death during the darkest days of World War 
Two led to a shroud of secrecy which has covered his life 
and achievements ever since. 

His 1931 Patent for a Binaural Recording System was 
so revolutionary that most of his contemporaries regard- 
ed it as more than 20 years ahead of its time. Even years 
after his death, the full magnitude of its detail had not 
been fully utilized. Among his 128 patents are the princi- 
pal electronic circuits critical to the development of the 
world’s first elecronic television system. During his short 
working life, Blumlein produced patent after patent 
breaking entirely new ground in electronic and audio 
engineering. 

During the Second World War, Alan Blumlein was deeply 
engaged in the very secret work of radar development and 
contributed enormously to the system eventually to become 
‘H25' — blind-bombing radar. Tragically, during an experi- 
mental H2S flight in June 1942, the Halifax bomber in which 
Blumlein and several colleagues were flying, crashed and 
all aboard were killed. He was just days short of his thirty- 


ninth birthday. 
Order code NE32 £16.99 


420 pages 


VIDEO PROJECTS FOR THE 

ELECTRONICS CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con- 
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound- 
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started. 

Complete with explanations of how the circuit works, shop- 
ping lists of components, advice on construction, and guid- 
ance on setting up and using the projects, this invaluable 
book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black and white 
keyer, vertical wiper, audio mixer, stereo headphone 
amplifier, dynamic noise reducer, automatic fader, pushbut- 
ton fader, computer control interface, 12 volt mains power 


supply. 
rder code PC115 [esha aly 


124 pages 

PC MUSIC — THE EASY GUIDE 

Robin Vincent 

How do | make music on my PC? Can | record music onto 
my PC? What's a sequencer? How can | get my PC to print 
a music score? What sort of a soundcard do | need? What 
hardware and software do | need? How do | connect a key- 
board to my PC?: 

Just a few of the questions you've probably asked. Well, 
you'll find the answers to all these questions, and many 
more, in this book. It will show you what can be done, what 
it all means, and what you will need to start creating your 
own music on your PC. It’s an easy read, it’s fully illustrated 
and it will help you understand how a computer can be used 
as a creative music tool. 

It covers soundcards, sequencers, hard disk digital audio 
recording and editing, plug-ins, printing scores with notation 
software, using your PC as a synthesiser, getting music onto 
and off the Internet, using Windows, sample PC music set- 
ups, FAQs, a glossary, advice on hardware and software, 


Order code PC117 £11.95 


and a list of industry contacts. 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 


designs. 
Order code BP277 £4.49 


116 pages 


96 pages 


505 


Circuits, 
Data and 
Design 


PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in sim- 
ple terms how each type works and how it is used. 

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples. 


88 pages Order code BP299 £5.49 


DIGITAL ELECTRONICS — 

A PRACTICAL APPROACH FREE 
With FREE Software: Number One 
Systems — EASY-PC 

Professional XM and Pulsar (Limited Functionality) 
Richard Monk 

Covers binary arithmetic, Boolean algebra and logic 
gates, combination logic, sequential logic including the 
design and construction of asynchronous and synchro- 
nous circuits and register circuits. Together with a consid- 
erable practical content plus the additional attraction of its 
close association with computer aided design including 
the FREE software. 

There is a ‘blow-by-blow’ guide to the use of EASY-PC 
Professional XM (a schematic drawing and printed circuit 
board design computer package). The guide also con- 
ducts the reader through logic circuit simulation using 
Pulsar software. Chapters on p.c.b. physics and p.c.b. 
production techniques make the book unique, and with 
its host of project ideas make it an ideal companion for 
the integrative assignment and common skills compo- 
nents required by BTEC and the key skills demanded by 
GNVQ. The principal aim of the book is to provide a 
straightforward approach to the understanding of digital 
electronics. 

Those who prefer the ‘Teach-In’ approach or would 
rather experiment with some simple circuits should find 
the book’s final chapters on printed circuit board produc- 
tion and project ideas especially useful. 


Order code NE28 Bake) 


250 pages (large format) 


A BEGINNER’S GUIDE TOTTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir- 
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the “real world”. 


Order code BP332 £5.45 


DOMESTIC SECURITY SYSTEMS 

A.L. Brown 

This book shows you how, with common sense and 
basic do-it-yourself skills, you can protect your home. It 
also gives tips and ideas which will help you to maintain 
and improve your home security, even if you already 
have an alarm. Every circuit in this book is clearly 
described and illustrated, and contains components 
that are easy to source. Advice and guidance are based 
on the real experience of the author who is an alarm 
installer, and the designs themselves have been rigor- 
ously put to use on some of the most crime-ridden 
streets in the world. 

The designs include all elements, including sensors, 
detectors, alarms, controls, lights, video and door entry 
systems. Chapters cover installation, testing, mainte- 
nance and upgrading. 


142 pages 


192 pages Temporarily out of print 


MICROCONTROLLER COOKBOOK 

Mike James 

The practical solutions to real problems shown in this cook- 
book provide the basis to make PIC and 8051 devices real- 
ly work. Capabilities of the variants are examined, and 
ways to enhance these are shown. A survey of common 
interface devices, and a description of programming 
models, lead on to a section on development techniques. 
The cookbook offers an introduction that will allow any 
user, novice or experienced, to make the most of micro- 


controllers. 
Order code NE26 £21.99 


240 pages 


For a further selection 
of books see the next 


two issues of EPE 
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Project Building & Testing 


ELECTRONIC PROJECTS FOR EXPERIMENTERS 

R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before” syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus 
any other electronics enthusiasts who yearn to try some- 
thing a bit different. No doubt many of the projects fea- 
tured here have practical applications, but they are all 
worth a try for their interest value alone. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca- 
tion, Noise cancelling, LED stroboscope, Infra-red “torch”, 
Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 


Order code BP371 £5.45 


FAULT-FINDING ELECTRONIC PROJECTS 
R. A. Penfold 
Starting with mechanical faults such as dry joints, short-circuits 
etc, coverage includes linear circuits, using a meter to make 
voltage checks, signal tracing techniques and fault finding on 
logic circuits. The final chapter covers ways of testing a wide 
range of electronic components, such as resistors, capacitors, 
operational amplifiers, diodes, transistors, SCRs and triacs, 
with the aid of only a limited amount of test equipment. 

The construction and use of a Tristate Continuity Tester, a 
Signal Tracer, a Logic Probe and a CMOS Tester are also 


included. 
Order code BP391 £5.49 


PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 


138 pages 


136 pages 


The projects include:- Simple audio links, F.M. audio 
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI 
link, Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


Order code BP374 £5.45 


132 pages 


RADIO BYGONES 


We also carry a selection of books 
aimed at readers of EPE’s sister maga- 
zine on vintage radio Radio Bygones. 
These books include the Comprehensive 
Radio Valve Guides (five books with a 
Free copy of the Master Index) for just 
£15. Also Jonathan Hill’s excellent Radio 
Radio, a comprehensive book with hun- 
dreds of photos depicting the develop- 
ment of the British wireless set up to the 
late 1960s. 

The three volumes of our own Wireless 
For the Warrior by Louis Meulstee are 
also available. These are a technical his- 
tory of radio communication equipment in 
the British Army from pre-war through to 
the 1960s. 

For details see the shop on our UK web 
site at www.epemag.wimborne.co.uk or 
contact us for a list of Radio Bygones 
books. 


BOOK ORDERING DETAILS 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 


Amex, Diners Club or Switch to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 


Books are normally sent within seven days of receipt of order, but please allow 28 days for 
delivery — more for overseas orders. Please check price and availability (see latest issue of 
Everyday Practical Electronics) before ordering from old lists. 


For a further selection of books see the next two issues of EPE. 
Tel 01202 873872 Fax 01202 874562. Email: dbs@epemag.wimborne.co.uk 
Order from our online shop at: www.epemag.wimborne.co.uk/shopdoor.htm 


BOOK ORDER FORM 


Fullin AMO? se ssccecssccnities ee nee au eee 


AOOIOSS? iiviisecisststiceecrnn dea iieee ctveen events 


Post code: ........ eee 


SIGMALUNG! eisesscincccoaiatsecacassseste toate velinriataaadsioccteveatesty 


Please charge my card £ 


Card Number 


Card Security Code 


Please send book order Codes: ..........eeceseeeeeeeees 


diene Telephone NO? cacss.ccvescsiereescesenssesbea seen teeceens 


| enclose cheque/PO payable to DIRECT BOOK SERVICE for £ 


(The last 3 digits on or just below the signature strip) 


Please continue on separate sheet of paper if necessary 
If you do not wish to cut your magazine, send a letter or copy of this form 
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PROJECT TITLE Order Code 
Headset Communicator 369 
EPE Bounty Treasure Hunter 370 
* % Digital |.C. Tester 371 


% PIC-Pocket Battleships — Software only 


Printed circuit boards for most recent EPE constructional projects are available from Transient Tracker 

the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 4% PICAXE Projects—1: Egg Timer; Dice Machine; 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for Quiz Game Monitor (Multiboard) 

airmail outside of Europe. Remittances should be sent to The PCB Service, 4k Tuning Fork & Metronome 


Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road A — Mai 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; | * *EPE Hybrid Computer — Main Board 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 


double- 
— Atom Board sided 


wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to %& PICAXE Projects—2: Temperature Sensor; [i 
Everyday Practical Electronics (Payment in £ sterling only). Voltage Sensor; VU Indicator (Multiboard) 
NOTE: While 95% of our boards are held in stock and are dispatched within + Versatile PIC Flasher 

seven days of receipt of order, please allow a maximum of 28 days for delivery %& PICAXE Projects—3: Chaser Lights 


— overseas readers allow extra if ordered by surface mail. ; Fi 
Back numbers or photostats of articles are available if required — see the Back ; 7 SU 
Issues page for details. We do not supply kits or components for our projects. EPE Minder — Transmitter 

Please check price and availability in the latest issue. aecelvel 


A number of older boards are listed on our website. ak Wind Speed Monitor 


H A ‘ Tesla Transformer 
Boards can only be supplied on a payment with order basis. 4c Brainibot Buggy 


PROJECT TITLE Order Code ae Wind Tunnel 
200kHz Function Generator 


Perpetual Projects Uniboard—1 305 Wind-Up Torch Mk II 
Solar-Powered Power Supply & Voltage Reg. ec Driver Alert 
%* PIC to Printer Interface 308 


Lead/Acid Battery Charger 309 ‘i - 
Intelligent Garden Lights Controll 
Shortwave Loop Aerial 310 A iegene aarcel. ge Vonnener 


%* Digitimer — Main Board 311 : %* PIC Tutorial V2 — Software only 
— R.F. Board : Door Chime 


Perpetual Projects Uniboard—2 Super Motion Sensor 
L.E.D. Flasher — Double Door-Buzzer E Radio Circuits—1 
Perpetual Projects Uniboard—3 A MK484 TRF Receiver 
Loop Burglar Alarm, Touch-Switch Door-Light Headphone Amp. 
and Solar-Powered Rain Alarm %& Fido Pedometer 
L.E.D. Super Torches — Red Main %& PiCronos L.E.D. Wall Clock 
- Display Red . EPE Mini Metal Detector 
_  — White L-E.D. . Radio Circuits — 2 Q-Multiplier 
% Sync Clock Driver : MW Reflex Radio 
%* Water Monitor Wave Trap 
Camcorder Power Supply O F Speaker Amplifier 
PIC Toolkit Mk3 . Ohmmeter Adaptor MkII 
Perpetual Projects Uniboard—4. Gate Sentinel, Solar- . Ultimate Egg Timer (Top Tenner) 
powered Bird Scarer and Solar-Powered Register 
Teach-In 2002 Power Supply O 


Pitch Switch 7 EPE SOFTWARE 


Capacitance Meter Hea Board (double-sided) Software programs for EPE projects marked with a single asterisk * are 
= Disblay Board (double-sided) ilable on 3-5 inch PC-compatible disks or free f internet site. Th 

4 PIC Toolkit TK3 — Software only available on 3-5 inch PC-compatible disks or free from our Internet site. The 
——_ - following disks are available: PIC Tutorial V2 (Apr-June ’03); EPE Disk 1 

4-Channel Twinkling Lights D (Apr '95-Dec ’98); EPE Disk 2 (1999); EPE Disk 3 (2000); EPE Disk 4 

Ghost Buster — Mic : (2001); EPE Disk 5 (2002); EPE Disk 6 (Jan 2003 issue to current cover 

—Main date — excl. Earth Resistivity); EPE Earth Resistivity Logger (Apr-May 

* PIC Polywhatsit — Digital : 03); EPE Teach-In 2000; EPE Spectrum; EPE Interface Disk 1 (October 

— Analogue 00 issue to current cover date). %* *The software for these projects is on 

Forever Flasher ; its own CD-ROM. The 3-5 inch disks are £3.00 each (UK), the CD-ROMs 

Time Delay Touch Switch i are £6.95 (UK). Add 50p each for overseas surface mail, and £1 each for 

%* PIC Magick Musick : airmail. All are available from the EPE PCB Service. All files can be down- 

Versatile Bench Power Supply : loaded free from our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk. 


% PIC Spectrum Analyser 
Versatile Current Monitor 
Guitar Practice Amp 


ie eae 7 EPE PRINTED CIRCUIT BOARD SERVICE 


RH Meter 
%* PIC Mini-Enigma — Software only i i i 
%* Programming PIC Interrupts — Software onl Order Code Project Quantity Price 
%* PIC Controlled Intruder Alarm APR ’02 
* PIC Big Digit Display MAY ’02 
Washing Ready Indicator 
Audio Circuits—1_ — LM386N-1 

— TDA7052 

— TBA820M 

— LM380N 

— TDA2003 

— Twin TDA2003 


* Earth Resistivity Logger 


World Lamp 
Simple Audio Circuits—2 — Low, Med and High (cheque/PO in £ sterling only) to: 


Input Impedance Preamplifiers (Single Trans.) 
Everyday op 


Low-Noise Preamplifier (Dual Trans.) : 

Tone Control "VISA 

Bandpass Filter ‘ . . : 
Frequency Standard Generator — Receiver : ROT P fa ct | Cal E lect ronics 


— Digital 


* Biopic Heartbeat Monitor : MasterCard, Amex, Diners = } 


Simple Audio Circuits — 3 i é 
— Dual Output Power Supply ; Club, Visa or Switch 
— Crossover/Audio Filter : 
Infra-Red Autoswitch . Gard NO ene ec5 cceccecse cai ceceao tient estas aateevede dices 


4c EPE StyloPIC ; 
Rotary Combination Lock — Main Board : Card Exp. Date Switch Issue No 


— Interface Board . : 
% Using the PIC’s PCLATH Command — Software only Card Security Code 
Big-Ears Buggy | AUG ‘02 _| : (The last 3 digits on or just under the signature strip) 
4% PIC World Clock ; : 
Simple Audio Circuits—4 — Low Freq. Oscillator i Signature 


= Resonance Detector NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 


a saci olan Internet site on a secure server: 


+ Morse Code Reader : http:/(www.epemag.wimborne.co.uk/shopdoor.htm 
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WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 


you NEED THE MODERN ELECTRONICS MANUAL 


and the ELECTRONICS SERVICE MANUAL 


The essential reference 
work for everyone 
studying electronics 


© Over 800 pages 

e In-depth theory 

© Projects to build 

e@ Detailed assembly instructions 
@ Full components checklists 

e Extensive data tables 

e@ Manufacturers’ web links 

e Easy-to-use Adobe Acrobat 
format 

Clear and simple layout 
Comprehensive subject range 
Professionally written 
Regular Supplements 


EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 


The revised CD-ROM edition of the Modern Electronics Base 
Manual (MEM) contains practical, easy-to-follow information on the 
following subjects: 


BASIC PRINCIPLES: Electronic Components and their 
Characteristics (16 sections from Resistors and Potentiometers to 
Crystals, Crystal Modules and Resonators); Circuits Using Passive 
Components (10 sections); Power Supplies; The Amateur 
Electronics Workshop; The Uses of Semiconductors; Digital 
Electronics (6 sections); Operational Amplifiers; Introduction to 
Physics, including practical experiments; Semiconductors 

(5 sections) and Digital Instruments (3 sections). 


CIRCUITS TO BUILD: There's nothing to beat the satisfaction of 
creating your own projects. From basic principles, like soldering 
and making printed circuit boards, to the tools needed for 
circuit-building, the Modern Electronics Manual and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 


a computer interface, measuring instruments, workshop 
equipment, security systems, medical and musical circuits, etc. 
The Base Manual describes 12 projects including a Theremin 
and a Simple TENS Unit. 


ESSENTIAL DATA: Extensive tables on diodes, transistors, 
thyristors and triacs, digital and linear i.c.s. 


EXTENSIVE GLOSSARY: Should you come across a technical 
word, phrase or abbreviation you're not familiar with, simply look 
up the glossary included in the Manual and you'll find a 
comprehensive definition in plain English. 


The Manual also covers Safety and provides web links to 
component and equipment Manufacturers and Suppliers. 

The most comprehensive reference work ever produced at a price 
you can afford, the CD-ROM edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 


THE MODERN ELECTRONICS MANUAL wen - co-Rom version only) 


Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker. 

Regular Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 
electronics are available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you. 
Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM. 


Price of the Basic Work: £29.95 POST FREE. 


ORDER BOTH MANUALS TOGETHER AND SAVE £20 


A mass of well-organised and clearly explained information is brought to you by expert editorial 


teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, keep you abreast of the latest technology and 
techniques if required 


ELECTRONICS SERVICE MANUAL 


(PRINTED VERSION ONLY) 


EVERYTHING YOU NEED TO KNOW TO GET STARTED IN The essential work for 
REPAIRING AND SERVICING PLECTRONIC EQUIPMENT | servicing and re pa irin g 
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. electronic equipment 
UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical © Around 900 
and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circuit 7 pages” 
Measurements, Radio, Computers, Valves and Manufacturers' Data, etc. © Fundamental principles 
PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static @ Troubleshooting techniques 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. @ Servicing techniques 

© Choosing and using test 


TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 


SERVICING TECHNIQUES: The regular Supplements include vital guidelines on how to 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video 
Recorders, Personal Computers, etc. 


TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, 
cassette recorders, amplifiers, video recorders etc.. 


REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, 
Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 


ELECTRONICS SERVICE MANUAL 


(ESM - Printed version only) 


Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
—all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten 
days) which you feel is superfluous to your needs. You can also purchase a range of past 
Supplements to extend your Base Manual on subjects of particular interest to you. 
Presentation: Durable looseleaf system in large A4 format 


Price of the Basic Work: £29.95 
(to include a recent Supplement FREE). 


equipment 

Reference data 

Easy-to-use format 

Clear and simple layout 

Vital safety precautions 
Professionally written 

Regular Supplements 

Sturdy gold blocked ring-binder 


Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Electronics Service 
Manual, for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund of your 
payment — no small print and no questions asked. All we ask is that you pay the return postage. (Overseas buyers also have to 

pay our overseas postage charge). Sorry, but we can only make exchanges on the Modern Electronics Manual (CD-ROM 
version) if the CD-ROM is faulty, we cannot offer a money back guarantee on this product as the content can be printed out. 


Wimborne Publishing Ltd., Dept Y7, 408 Wimborne Road East, Ferndown, Dorset BH22 OND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm 


 aul=ali=late elise elon ator store toes el el anton el on laneloon lel onion lanl onlantonteniantontantentantantantentan 


1 PLEASE seni me "a = op ORDER FORM I 
| ae aD | Simply complete and return the order form with your 
I [3] THE MODERN ELECTRONICS MANUAL (CD-ROM version only) SWITCHY payment to the following address: 
Wimborne Publishing Ltd, Dept. Y7, 408 Wimborne 
| im ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) Road East, Feniiown Boa BH22 9ND | 
] | enclose payment of £29.95 (for one Manual) or £39.90 for both Manuals (saving £20 by We offer a 30 day MONEY BACK GUARANTEE | 
I ordering both together) plus postage if applicable. on ESM - see the panel above for details. I 
I | also require the appropriate ESM Supplements four times a year. These are billed I 
separately and can be discontinued at any time. (Please delete if not required.) 

I POSTAGE CHARGES FOR ESM , 
I RULE, NAMES tila ea ena Say seein hese Sa Riser en desea ein pease ne a fata aan ad, abate, one MEM CD-ROM POST FREE TO ALL COUNTRIES I 
(PLEASE PRINT) (Note we use the VAT portion of the MEM CD-ROM payment 
Dy ADDRESS .scsiacsscarn teva cec cision aiucenasacwtatose tance anraa senate anaan ae to pay for overseas postage) | 
I Price PER ESM PRINTED MANUAL I 
i. Sesh terete ieee bene eent ert e ya neeieyeen seein is ae os eeree ares eberen eee Pista Region nas Ag I 
Dy ieee a eee terete ee ae treeenctyenaencee POSTCODE ..............45- Mainland UK FREE = I 
| Scottish Highlands, | 
I SIGNATURE ice 2535) ate fasciss cared Sascugnahin tre 1a cupiap ad dare chapter dest qe deca aveone qavana dana ahead acd vayaregaranavauaiare UK Islands & Eire £7 each _ I 
I | enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. Europe (EU) - £23each 4 

‘ 7 . - Europe (Non-EU) £23 each £30 each 
| Please charge my Visa/Mastercard/Amex/Diners Club/Switch Switch Issue No ..... USA & Canada £08 each «£39 each | 
| Card No Far East & Australasia £35 each £43 each Il 
gf EINS vai kare henry taaipretpe ta iapials aetaeininainnt eran memes mh ete Rest of World £28 each £52each_ 
I card Exp. Date.......... Card Security Code.......... Please allow four working days for UK delivery. | 
| (The last 3 digits on or just under the signature strip) NOTE: Surface mail can take over 10 weeks to some parts of | 


the world. Each ESM weighs about 4kg when packed. 
ee ee ee ee 


mem-cd 


| EVERYDAY 


CLASSIFIED 


THRONES 


Everyday Practical Electronics reaches twice as 
many UK readers as any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 


this market for the last eighteen years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm). 


The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex CO16 


OED. Phone/Fax (01255) 861161. 


For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 


X-10® Home Automation 
We put you in control™ 


TOTALROBOTS 


ROBOTICS, CONTROL & 
ELECTRONICS TECHNOLOGY 
High quality robot kits and components 

UK distributor of the OOPic microcontroller 
Secure on-line ordering 
Rapid delivery 
Highly competitive prices 


Why tolerate when you can automate? 


An extensive range of 230V X-10 products 
and starter kits available. Uses proven Power 
Line Carrier technology, no wires required. 


Products Catalogue available Online. 


Worldwide delivery. 
Laser Business Systems Ltd. 
er ~ il: i 5 oe 
| E-Mail: info @laser.com Visa 


http://www.laser.com 


Tel: (020) 8441 9788 
Fax: (020) 8449 0430 
{V TTRANSFORMERS 
Transformers and Chokes for all types 
of circuits including specialist valve units 
Custom design or standard range 
High and low voltage 
Variable Voltage Technology Ltd 
Unit 3, Sheat Manor Farm, Chillerton, 


Newport, Isle of Wight, POSO 3HP 
Tel: 0870 243 0414 Fax: 01983 721572 


es@vvt-cowes.freeserve.co.uk 
www. vvttransformers.co.uk 


Visit www.totalrobots.com 


Tel: 0208 823 9220 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 
HNC AND HND ELECTRONICS 
NVQ ENGINEERING AND IT 
PLEASE APPLY TO COLLEGE FOR 
NEXT COURSE DATE 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 


JMC ELECTRONICS 


Pc.b. design, prototyping and assembly 
Software and hardware design 
Computer control systems solutions 


Tel: 07870620251 


Email: jtmcecarr@aol.com 


BOWOOD ELECTRONICS LTD 


Contact Will Outram for your 
Electronic Components 


Email: sales@ bowood-electronics.co.uk 
Web: www.bowood-electronics.co.uk 
7 Bakewell Road, Baslow, Derbyshire DE45 1RE 
Tel/Fax: 01246 583777 


Send 41p stamp for catalogue 


EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 

Access the FTP site by typing the above into your web browser, or by setting up an FTP 

session using appropriate FTP software, then go into quoted sub-directories: 

PIC-project source code files: /pub/PICS 

PIC projects each have their own folder; navigate to the correct folder and open it, then 
fetch all the files contained within. Do not try to download the folder itself! 

EPE text files: /pub/docs 

Basic Soldering Guide: solder.txt 

Ingenuity Unlimited submission guidance: ing_unlt.txt 

New readers and subscribers info: epe_info.txt 

Newsgroups or Usenet users advice: usenet.txt 

Ni-Cad discussion: nicadfaq.zip and nicad2.zip 

Writing for EPE advice: write4us.txt 

You can also enter the FTP site via the link at the top of the main page of our home site at: 

http:/Avww.epemag.wimborne.co.uk 

Shop now on-line: www.epemag.wimborne.co.uk/shopdoor.htm 
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™ GREENWELD 


————— Mail Order Specialists ————_ 


ELECTRICAL & ELECTRONIC 
COMPONENTS & KITS, TOOLS, 
MATERIALS & HARDWARE 


Greenweld Limited 

Unt 14 Horndon Industrial Park 

West Horndon + Brentwood + Essex * © nas 3xD 
Tet 01277 811042 + Fax: 01277 81241 

Email: bargains Ogreenweld.co. uk 


Visit our website: www.greenweld.co.uk 


TRANSFORMERS 


@ Custom Wound @ Transformer Kits 

@ 1 Phase to 50kVA @ Coils up to 1m Dia. 

@ 3 Phase to 100kVA @ Transformer Rectifiers 
@ A.C. and D.C. Chokes @ Toroidals 


@ Motor Generators 


@ HT. up to 5kV 


Visit www.jemelec.com for details 
or request our free leaflet 
Jemelec, Unit 7, Shirebrook Business Park, Mansfield, NG20 8RN 


Tel: 0870 787 1769 


Miscellaneous 


FREE PROTOTYPE PRINTED CIR- 
CUIT BOARDS! Free prototype p.c.b. 
with quantity orders. Call Patrick on 028 
9073 8897 for details. Agar Circuits, Unit 
5, East Belfast Enterprise Park, 308 
Albertbridge Road, Belfast BTS 4GX. 
PRINTED CIRCUIT BOARDS - 
QUICK SERVICE. Prototype and pro- 
duction artwork raised from magazines or 
draft designs at low cost. PCBs designed 
from schematics. Production assembly, 
wiring and software programming. For 
details contact Patrick at Agar Circuits, 
Unit 5, East Belfast Enterprise Park, 308 
Albertbridge Road, Belfast, BTS 4GX. 
Phone 028 9073 8897, Fax 028 9073 1802, 
Email agar @argonet.co.uk. 

G.C.S.E. ELECTRONICS _ KITS, 
TOOLS, pocket money prices. S.A.E. for 
free catalogue. SIR-KIT Electronics, 52 
Severn Road, Clacton, COI5 3RB. 
www.geocities.com/sirkituk. 

VALVES AND ALLIED COMPO- 
NENTS IN STOCK - please ring for free 
list. Valve equipment repaired. Geoff 
Davies (Radio). Phone 01788 574774. 
BACK COPIES OF EPE, ETI etc., 300+, 
70s, 80s, 90s. Phone 07791 459008, email: 
hjhg @surfanytime.co.uk. 

PAST ISSUES: Practical Electronics, 
Everyday Electronics, Byte etc. See www. 
electrical-magazines.supanet.com. 
www.luv-it.electronics.co.uk. Quality 
components at lowest ever price. Mail 
order only. See web or phone 01843 
570905. 

WANTED: Technical information and 
spares for Philips PM 3315 oscilloscope. 
Phone 01286 650465. 
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Autonomous Programmable Robot Kits 
Accessories - Sensors - Controller Boards 


competition-robotics.com 


Secure on-line ordering. Fast, friendly service. 


YOUR FUTURE LOOKS BRIGHT beth ICS 


ary nd {ror Ti the 
rrvilx 

xpenenced horr 
Ke it oS! S& 
today by calling us now ting the coupon below 


FREEPHONE 0500 581557 www. ssleasiees uk 


Or write to: ICS, FREEPOST 882, Glasgow, G3 BR. Tel: Eire call 1800 620 490 
ee ee 
t Please send me my Free Information on your Technical Courses. 
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Geoff Bullen Electronics 
Enterprise House 

1 Freshbrook Road 
Lancing 

W. Sussex BN15 8DA 


We specialise in sourcing obsolete 
components and offer a full kitting, assembly 
and product design service 


Current special offer: 
Brand new B/W CCD Dome 
Camera with SM100 Digital 
Capture Units (100 images), 
plus IR Illuminator for only 
£77 (incl. VAT) — from end of 
production run. 


Camera specifications: 46-5mm diameter, 
42.5mm height, 0-2kg; Pinhole lens, f3-7mm, 
78° view; Operating Temp 10° to +50°C 


For all enquiries: 
Call 01903 765432; Fax 01903 761010 
Email: info@gbelectronics.com 
http://www.gbelectronics.com 


We accept Visa and Mastercard 


Signal Diodes 1N4148 .............00.. 
Rectifier Diodes 1N4001 . 


Asstd capacitors electrolytic- 

Asstd. capacitors 1nF to 1uF 

Asstd. disc ceramic capacitors 

Asstd. Skel Presets (sm, stand, cermet) . 

Asstd. RF chokes (inductors) . 

Asstd. grommets 

Asstd. crystals — plugin .... 

Asstd. dil switches J 
Miniature slide switches sp/co ad 
Asstd. push-button switches, multi-bank, multi-pole . 4 
Asstd. dil sockets up to 40 way . £1 
TV coax plugs, plastic ..... 

metres very thin connecting wi 

tin. glass reed switches 

Any one value 4W 5% cf resistors range 1R to 10M é 
7812 Voltage Regulators .................0.. 
Asstd. resistors, W/W, mostly on tapes 


Rectifier Diodes 1N4007 . 

W01 Bridge Rectifiers .. . 

555 Timer |.C.s 

741 Op Amps . 

Assorted Zener Diodes 400mW . 

Assorted 7-segment Displays £4 
Assorted l.e.d.s, various shapes, colours & sizes : 
5mm |.e.d.s, red or green or yellow £ 
3mm |.e.d.s, red or green or yellow ! 
5mm leds. green, 6-5mmlegs ......... ! 
Axial |.e.d.s, 2med red Diode Package 

Asstd. High Brightness |.e.d.s, var cols 

BC182L Transistors 

BC212L Transistors . . 

BC237 Transistors . . . 

BC327 Transistors 


rR. a LTD CEst. 


BC328 Transistors 

BC547 Transistors 

BC547B Transistor 

BC548 Transistors 

BC549 Transistors . . . 

BC557 Transistors . . . 

BC558 Transistors . . . 

BC559 Transistors 

2N3904 Transistors 

‘nf SOV wkg Axial Capacitors ... 
4N7 50V wkg Axial Capacitors 


288 Abbeydale Road, Sheffield S7 1FL 
Phone (local rate): 0845 166 2329 
Fax: 0114 255 5039 
e-mail: sales @bardwells.co.uk J Web: www.bardwells.co.uk 
Prices include VAT.Postage £1.65 
44p stamp for lists or disk 


POs, Cheques and Credit Cards accepted 
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Tel: 01793 636119 Fax: 01793 708772 
e-Mail: sales@competition-robotics.com 


SQUIRES 


MODEL & CRAFT TOOLS 


A COMPREHENSIVE RANGE OF MINIATURE HAND AND 
POWER TOOLS AND AN EXTENSIVE RANGE OF 


ELECTRONIC COMPONENTS 
FEATURED IN A FULLY ILLUSTRATED 


624 PAGE MAIL ORDER CATALOGUE 


2003 ISSUE 


SAME DAY DESPATCH 
FREE POST AND PACKAGING 


Catalogues: FREE OF CHARGE to addresses in the UK. 
Overseas: CATALOGUE FREE, postage at cost charged 
to credit card 


SHOP EXTENSION NOW OPEN 


Squires, 100 London Road, 
Bognor Regis, West Sussex, PO21 1DD 


TEL: 01243 8424224 —— 
FAX: 01243 842525 VISA 


Web: www.competition-robotics. com 


1948) 
DIGITAL 
TEST METER 


Built-in transistor test socket 
and diode test position. 
DC volts 200mvV to 1000V. 
AC volts 200V to 750V. 
DC current 200mA to 10A. 
Resistance 200 ohms to 
2000K ohms. 


£5.99 incl. VAT 


SEE OUR WEB PAGES FOR 
MORE COMPONENTS AND 
SPECIAL OFFERS 
www.bardwells.co.uk 
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